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A chalcone-derived diol was synthesised and utilised for the production of polyurethane and its acrylic- and garnet-modified derivatives.
The structural characteristics of the synthesised systems were elucidated via FT-IR and NMR studies, confirming the effective integration
of urethane linkages, acrylic groups and garnet fillers. UV—Vis spectral study indicated m—n* and n—=* transitions in chalcone polyurethane,
a bathochromic shift in acrylic polyurethane attributed to the extended conjugation and increased absorption in garnet polyurethane
resulting from interfacial charge-transfer interactions. Thermal analyses (DSC, TGA and DTA) revealed that acrylic modification and
garnet insertion enhanced crosslinking density, postponed degradation and elevated char yield, with garnet polyurethane displaying
enhanced thermal resistance. Wettability study revealed a systematic transition from moderate hydrophilicity in chalcone polyurethane to
increase the hydrophobicity in acrylic and garnet systems, due to surface alteration and filler-induced roughness. Electrochemical impedance
spectroscopy validated the superior anticorrosive properties of garnet polyurethane, demonstrated by elevated charge transfer resistance
and diminished ion diffusion. The findings collectively demonstrate that chalcone-derived polyurethanes, especially the garnet-reinforced
composite, exhibit superior thermal stability, optical absorption, surface hydrophobicity and corrosion resistance, highlighting their

potential as multifunctional protective coatings for advanced applications.
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INTRODUCTION

Polyurethane (PU) is a block copolymer composed of
repeating structural units containing urethane linkages (-NH-
CO-0-) and widely used due to its excellent mechanical stren-
gth, chemical resistance and structural versatility. These prop-
erties are arised due to its microphase-separated architecture of
alternating soft and hard segments, which enable tunable flexi-
bility and performance through molecular design [1,2]. Chal-
cone derived polyurethane is a type of polyurethane formed
by integrating chalcone-based diols or polyols into its polymer
backbone. The a,B-unsaturated carbonyl groups in chalcone
provide rigidity, which boosts the thermal and mechanical
performance of the polymer [3-5]. The aromatic nature of chal-
cone also enhances interfacial bonding, chemical resistance
and electrochemical stability, making the material well-suited
for applications such as protective coatings, corrosion-resis-
tant layers and electroactive systems [6-8]. Moreover, the
structure can be tailored through the choice of diisocyanate

and chalcone derivative, allowing control over surface prop-
erties like hydrophobicity and ionic conductivity [9,10].

Polyurethane has been extensively investigated for its
application as a protective coating on a wide range of subs-
trates, including metals and wood [11-13]. Polyurethane
coatings are applied using different methods, from traditional
techniques like brushing and spraying to more advanced
methods such as electrophoretic deposition [14,15]. Over time,
these coatings can degrade, reducing the lifespan of both the
coating and the material beneath it [16,17]. If cracks or defects
form, moisture and oxygen can enter, leading to corrosion in
metal surfaces [18,19].

In this study, a chalcone-based diol was successfully syn-
thesized and subsequently employed in the preparation of
poly-urethane systems, including acrylic-modified and garnet-
reinforced composites. The structural characterization was
confirmed using FT-IR and NMR analyses, while the thermal
stability and corrosion resistance properties were systematically
evaluated.
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EXPERIMENTAL

Isophorone diisocyanate (IPDI) and dibutyltin dilaurate
(DBTDL), used as cross-linker and catalyst, respectively, were
purchased from Tokyo Chemical Industry Co., Ltd., Japan.
Potassium hydroxide (Merck > 99 %), 4-hydroxybenzalde-
hyde (reagent grade Aldrich, 90%), magnesium sulphate
(Across 97%), acetone (analytical grade > 99.9%) were used
as received. Deionised water used throughout the study.

Characterisation: H and *C NMR spectra were
recorded on an Agilent NMR Systems VNMRS 400 spectro-
photometer at 25 °C in CDClz or in DMSO-dg, with Si(CH3)s
as an internal standard. ABB Bomem (Model MB3000) FT-
IR spectrometer was used to record IR spectrum using KBr
pellet method. Differential scanning calorimetry (DSC) was
performed on Perkin-Elmer Diamond DSC from 10 to 400 °C
with a heating rate of 10 °C min~t under nitrogen flow. Thermal
gravimetric analysis (TGA) was performed in Perkin Elmer
Diamond TA/TGA with a heating rate of 2 °C min~ from 30
°C under nitrogen flow, up to a maximum temperature of 700
°C. Water absorption studies were done by contact angle meter
(KYOWA, Dme - 210). Corrosion behaviour was studied by
impedance analyser the samples were measured by precision
LCR Meter (Agilent 4284 A).

Synthesis of chalcone based polyurethane: A 10 mL
of acetone was taken into clean 100 mL two-necked round
bottomed flask followed by the addition of 3 mL of ethanolic
KOH solution dropwise while stirring at room temperature
for 1 h. Then, 5 g of 4-hydroxybenzaldehyde was slowly
added and the reaction mixture was refluxed for 12 h. A blood
red colour turned into yellow colour. The reaction mixture
was cooled to room temperature and finally poured into ice
water the precipitate was filtered and dried. Yield: 80%.

In next step, 3 g of above prepared the olefine containing
bisphenol product taken as a reactant was mixed with 3 mL
of isophorone diisocyanate (IPDI) in a three-necked round
bottomed flask, stirred and then refluxed with a suitable con-
denser and nitrogen inlet. Temperature was maintained at 80
°C for 48 h and then added 2 drops of dibutyltin dilaurate
(DBTDL) as a catalyst (Scheme-1). Upon completion of the
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reaction, the mixture became semi-viscous, after which it was
cooled and further characterized.

Loading of PU with garnet filler: The synthetic chalcone
based polyurethane was combined with garnet particles to
obtain reinforced composite systems as an inorganic filler.
The integration of garnet was executed via a magnetic stirring
method to attain homogeneous distribution of the filler within
the polymer matrix. A precise amount of garnet powder (2 g)
was added to the PU resin while maintaining the constant
mechanical agitation. The mixture was blended under contro-
lled speed and time conditions to avoid particle agglomeration
and achieve uniform garnet dispersion in the matrix.

RESULTS AND DISCUSSION

\Qﬁki

FTIR spectral studies: The structural validation of syn-
thesised chalcone-based system was conducted with FT-IR
spectroscopy. The spectrum of the acyclic chalcone-derived
diol (Fig. 1a) displayed a large band about 3400 cm™, indi-
cative of the stretching vibration of hydroxyl (—OH) groups,
so affirming the existence of terminal diol functionalities.
The C=0 stretching vibration of the chalcone moiety was
detected near 1650 cm, whereas the aromatic C=C stretch-
ing occurred at 1600-1580 cm™?, supporting the conjugated
aromatic structure.

The spectrum of PU (Fig. 1b) shows the attenuation of the
—OH stretching band and the appearance of a pronounced
absorption band at 3330-3320 cm™, signifying the formation
of urethane N-H groups. An intense absorption between
1725 and 1700 cm™ was attributed to the carbonyl stretching
of urethane links, hence validating the successful reaction
between diol and diisocyanate. The band at 1240-1220 cm™
corresponds to C—N stretching of the urethane group, whereas
absorptions near 1540 cm are attributed to N-H bending
vibrations.

The spectrum of acrylic polyurethane (Fig. 1c) shows the
distinctive urethane absorptions (N-H at ~3320 cm%, C=0 at
~1715 cmt and C-N at ~1240 cm™?), along with the presence
of additional bands. The absorption bands observed at ~1640-
1635 cm* were attributed to C=C stretching vibrations of the

C
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z

Scheme-I: Schematic diagram olefinic containing bisphenol based polyurethane
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FT-IR spectra of (a) acyclic chalcone based diol, (b) acyclic diol
based polyurethane and (c) acyclic diol based acrylic polyurethane

Fig. 1.

acrylic groups, confirming successful incorporation of the
acrylic functionality. The broadened bands in the 1100-1000
cm* region correspond to C-O-C stretching vibrations asso-
ciated with the acrylic moiety.

In the garnet polyurethane spectrum (Fig. 2), identical
urethane bands were detected (N-H ~3325 cm™, C=0 ~1715
cm, C-N ~1240 cm™). The other prominent absorptions
between 670-560 cm™* were observed, indicative of metal—
oxygen (M-0) stretching vibrations, hence verifying the
successful integration of garnet filler into the polyurethane
matrix. The decrease in the C=0 stretching frequency signifies
intermolecular interactions between the polymer chains and
garnet particles. Consequently, FT-IR spectral analysis uneg-
uivocally validated the sequential synthesis of diol, poly-
urethane, acrylic polyurethane and garnet polyurethane. The
emergence of novel functional group absorptions and the
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Fig. 2. FT-IR spectrum of acyclic diol based garnet polyurethane

alteration or elimination of original peaks serve as compell-
ing evidence for the successful synthesis and modification of
chalcone-based polymer systems.

NMR spectral studies: In the *H NMR spectrum (Fig.
3a) aliphatic proton signals were observed in the 5 1.0-2.3 ppm
region. Hydroxyl protons appeared as a broad singlet at & 5.5
ppm, confirming the diol formation. The **C NMR spectrum
(Fig. 3b) displayed aliphatic carbon signals between & 20-40
ppm, along with distinct peaks at 8 60-65 ppm corresponding
to hydroxyl-bearing carbons. The absence of a carbonyl carbon
signal confirmed successful reduction of the acyclic ketone
to a diol compound.

Adsorption performance study: The optical absorption
characteristics of the produced polymers were examined via
UV-Vis spectroscopy. A unique absorption band for polyure-
thane (Fig. 4a) was identified in the 270-280 nm region,
corresponding to n—n* transitions of the aromatic rings in the
chalcone backbone. A diminished absorption band at around
320-330 nm can be ascribed to n—r* transitions of the urethane
carbonyl moieties. These characteristics align with earlier find-
ings on aromatic polyurethanes, wherein both n—n* and n—n*
transitions predominate in the near-UV spectrum. The acrylic
polyurethane (Fig. 4b) exhibited a minor bathochromic shift
in absorption maxima (~285-295 nm) relative to pure poly-
urethane. The red shift results from prolonged conjugation
and m-electron delocalisation caused by acrylic properties [20].
The comparable changes have been observed in acrylic-
modified polyurethane systems, wherein the vinyl and ester
groups augment conjugation and boost light absorption. The
absorption spectrum of garnet polyurethane (Fig. 4c) displayed
a notable red shift (~300-310 nm) and an enhancement in
band intensity. The enhanced absorbance signifies robust inter-
facial contacts between the garnet nanoparticles and the poly-
mer matrix. These interactions facilitate charge-transfer
transitions and increased electronic delocalisation, a feature
frequently observed in polymer—inorganic nanocomposites
[21]. The inclusion of garnet generates localised states that
enhance light-harvesting efficiency and expand the optical
window, consistent with previous research on polyurethane
oxide nanocomposites. The UV-Vis results substantiate the
gradual alteration of chalcone-based polyurethane, with acrylic
groups facilitating prolonged conjugation and garnet nano-
particles augmenting optical absorption via interfacial charge
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Fig. 4. UV-vis spectra of (a) acyclic chalcone containing diol based poly-
urethane, (b) acrylicpolyurethane and (c) garnet polyurethane

transfer. These results indicate possible uses in optoelect-
ronic and ultraviolet-shielding materials.

Thermal stability studies: The thermal stability of the
produced polyurethanes was assessed by thermogravimetric
analysis (TGA). The acyclic chalcone diol-derived polyure-
thane (Fig. 5a) demonstrated a two-phase breakdown pattern.
The initial weight loss, occurring between 250-320 °C, is
ascribed to the degradation of urethane links and soft segment
chains. The second significant weight loss, occurring between
380-450 °C, pertains to the decomposition of hard segment
domains and the aromatic backbone. The char yield at 600
°C was moderate, signifying restricted heat resistance. These
findings align with previous studies on the degradation of
segmented polyurethane [22]. The acrylic polyurethane (Fig.
5b) exhibited a somewhat elevated onset decomposition tempe-
rature (~270 °C) in comparison to the diol-based polyure-
thane, indicating the stabilizing influence of acrylic functiona-
lities. The higher heat stability is due to increased crosslinking
density and conjugation from acrylic groups, which postpone
the cleavage of urethane bonds. The ultimate degradation
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Fig. 5. TGA curves of (a) acyclic chalcone containing diol based poly-

urethane, (b) acrylic polyurethane and (c) garnet polyurethane

over 450 °C yielded an increased char residue, indicating
enhanced flame-retardant properties. The garnet polyure-
thane (Fig. 5¢) had the greatest thermal stability among the
three samples. The earliest disintegration happened around
290-310 °C, but the primary degradation transpired above
400 °C, suggesting that garnet nanoparticles function as a
thermal barrier. The inclusion of inorganic filler limits chain
mobility and reduces volatile emissions, therefore promoting
char formation. At 600 °C, the garnet polyurethane exhibited
the maximum char production, affirming its exceptional
resistance to heat breakdown. These results correspond with
earlier research on polymer—inorganic nanocomposites indi-
cating that metal oxide fillers enhance the thermal stability of
polyurethane systems. The TGA results indicate that struc-
tural alteration and filler integration progressively improve
the thermal stability of chalcone-based polyurethane, with
garnet polyurethane demonstrating the most favourable stabi-
lity for high-temperature applications.

Thermal studies: The acyclic chalcone diol-based poly-
urethane (Fig. 6a) demonstrated an endothermic transition
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between 250-320 °C, linked to the disintegration of urethane
links and the deterioration of soft segments. A second signifi-
cant endothermic peak was seen at 380-440 °C, indicative of
the decomposition of hard segment domains and the aromatic
backbone. These transitions signify a two-step degrading mech-
anism characteristic of segmented polyurethane systems [23].
The thermal transition onset for acrylic polyurethane (Fig.
6b) migrated to elevated temperatures (~270-330 °C), indi-
cating enhanced thermal stability. This improvement results
from heightened crosslinking density and conjugation provi-
ded by the acrylic moieties, which reinforce the polymer back-
bone and postpone bond cleavage. The second disintegration
phase above 450 °C yielded a greater char concentration than
the diol-based polyurethane, indicating enhanced flame resis-
tance.

Derivative weight (a.u.)

) L L} L L] 2 1
100 200 300 400
Temperature (°C)
DTA thermograms of (a) acyclic chalcone containing diol based
polyurethane, (b) acrylic polyurethane and (c) garnet polyurethane

Fig. 6.

The garnet polyurethane (Fig. 6c) exhibited the greatest
stability among the three systems. The preliminary endother-
mic reaction was observed around 290-340 °C, but the major
decomposition transpired beyond 420 °C, signifying a notable
change in thermal stability [24]. The integration of garnet
nanoparticles serves as a barrier to thermal transfer and volatile
emission, hence promoting char formation and diminishing the
degradation rate. The expanded high-temperature endotherm
suggests enhanced interfacial bonding between the inorganic
filler and polymer matrix, in agreement with earlier reports on
polyurethane-inorganic nanocomposites [25]. Thus, a progre-
ssive increase in thermal stability is observed, with garnet-
reinforced polyurethane exhibiting the highest resistance to
thermal degradation. This improvement can be attributed to the
combined influence of structural modification and inorganic
reinforcement.

Curing behaviour studies: The curing characteristics
and thermal transitions of garnet polyurethane were exami-
ned via differential scanning calorimetry (DSC). The DSC
thermogram exhibited an endothermic transition associated
with the glass transition temperature (Tg) within the region of
55-65 °C, indicative of the amorphous soft segment domains

of polyurethane. A distinct T indicates the microphase separ-
ated architecture of hard and soft segments, as frequently
documented in segmented polyurethane systems [26,27]. An
exothermic peak detected at 180-200 °C is indicative of the
curing/rearrangement of residual isocyanate groups and chain
extension processes. The addition of garnet particles affected
the curing process by increasing crosslinking density, result-
ing in a little shift of the exothermic peak to elevated tempera-
tures. This suggests that the filler functions as a reinforcing
phase, limiting the mobility of polymer chains and thereby
enhancing heat stability. A secondary transition was observed
in the region of 250-260 °C, linked to the melting or relaxa-
tion of ordered hard segment domains. This extent of transition
indicates that garnet nanoparticles developed heterogeneity
in the polyurethane matrix, aligning with the findings from
polymer-inorganic nanocomposites [28]. The DSC study
reveals that garnet addition promotes crosslinking and impr-
oves thermal stability by restricting chain mobility and incre-
asing the energy required for segmental motion (Fig. 7).
These results align with other studies indicating that inorga-
nic fillers improved the curing behaviour and temperature
transitions of polyurethane-based nanocomposites.
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Fig. 7. DSC spectrum of garnet polyurethane

Wettability analysis: The wettability of the synthesised
polyurethane systems was assessed by contact angle measure-
ments. The acyclic chalcone-derived polyurethane (Fig. 8a)
had a moderate contact angle, signifying a balance between
hydrophilic urethane groups and hydrophobic aromatic com-
ponents [29]. The surface energy was adequate to permit
partial water spreading, aligning with typical polyurethane
behaviour, wherein hydrogen bonding of urethane links
affects wettability. The acrylic polyurethane (Fig. 8b) exhi-
bited a greater contact angle than the chalcone-based poly-
urethane, indicating enhanced hydrophobicity. The incorpor-
ation of acrylic groups develops the supplementary non-polar
domains, thereby diminishing surface energy and improving
water repellency [30]. The garnet polyurethane (Fig. 8c)
demonstrated the highest contact angle of the three systems,
signifying a pronounced hydrophobic nature. The integration
of garnet nanoparticles further enhanced surface roughness
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Fig. 8. Contact angle images of (a) chalcone polyurethane, (b) acrylic polyurethane and (c) garnet polyurethane

and diminished surface free energy by developing micro/nano-
structures that inhibit wetting. This behaviour aligns with the
Cassie-Baxter model of wettability, wherein the surface rough-
ness and low-energy domains enlarge water repellency [31].

Electrochemical impedance analysis (EIS): The electro-
chemical impedance spectroscopy (EIS) was utilised to assess
the anticorrosive efficacy of the acyclic chalcone diol-based
garnet polyurethane. The spectrum (Fig. 9) displays a distinct
semicircular arc, indicative of a charge transfer-controlled
electrochemical process. The high-frequency intercept on the
real axis represents the solution resistance (Rs), which is
comparatively low, signifying excellent ionic conductivity of
the electrolyte medium. The extensive diameter of the semi-
circle indicates the charge transfer resistance (Rc), implying
that the polymer coating offers a very resistant barrier at the
electrode—electrolyte contact. The elevated R value signifies
that the coating efficiently inhibits the corrosion reaction by
constraining electron transfer and limiting ion movement [32].
At lower frequencies, a minor diffusion-related tail is evident,
attributable to Warburg-type impedance, indicating sluggish
mass transport inside the polymer matrix [33]. The inhibition
of this diffusion behaviour further substantiates the density
and uniformity of the polyurethane coating, which impedes
electrolyte infiltration into the underlying metal substrate.
The findings indicate that integrating acyclic chalcone diol into
the polyurethane backbone improves the corrosion resistance
of the coating by enhancing interfacial stability and diminis-
hing the surface’s electrochemical activity.
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Fig. 9. Nyquist plot of the acyclic chalcone diol based garnet polyurethane

Conclusion

In this study, chalcone-based diol was successfully synth-
esised and subsequently utilised to prepare polyurethane hybrid
composites including acrylic-modified and garnet-reinforced
composites. The structural characterisation through FT-IR and
NMR confirmed the successful formation of the chalcone-
based based polymer backbones and their modifications. UV-
Vis spectroscopy revealed enhanced optical absorption due
to extended conjugation in acrylic polyurethane and inter-
facial charge-transfer interactions in garnet polyurethane.
Thermal studies (DSC, TGA and DTA) demonstrated that the
incorporation of acrylic groups and garnet nanoparticles signi-
ficantly improved the thermal stability, crosslinking density
and char yield of the polyurethane systems. Wettability anal-
ysis indicated a clear transition from moderate hydrophobicity
in chalcone-based polyurethane to enhanced hydrophobicity
in acrylic and garnet composites, attributed to chemical modi-
fications and surface roughness introduced by garnet fillers.
The electrochemical impedance spectroscopy further confir-
med that the garnet polyurethane exhibited superior anti-
corrosive performance due to high charge transfer resistance
and reduced ion diffusion across the coating. These findings
highlight the potential of these novel polymer—inorganic hybrid
materials as advanced protective coatings for applications reg-
uiring durability in harsh environments.
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