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Abstract: Functionalized hybrid monomers with crosslinkinglighcan provide advantages over the other monsndese to
the flexibility of using it with any vinylic familyof monomers. Azide alkyne click reaction is a cament way of introducing
triazole moieties into a molecule and opens uppibgsibility to add more functionality by suitablesihn of azide and alkyne
compounds. In the present study, we report syrghee® use of new azide click linker containingladyer functionality, (3-(2-
azidoethoxy) prop-1-ene)as a first example in fiek ceaction with a siloxane functionalized diatie/to make a novel triazole,
siloxane functionalized diallyl ether (TSDE) monam€hemical structure of the as synthesized TSQifleaclick linker and
other compounds were characterized by FTHRNMR, *C NMR, and ESI-MS techniques. Hybrid coatings oDESwith
methyl methacrylate (MMA) were evaluated for chemhistructure, morphology, wettability, tensile aheérmal properties by
FTIR, XRD, SEM, UTM, WCA, DSC &TGA. Experimentalsults from EPS and fog tests indicate significaritaeicements in
the anticorrosion and antibacterial performancthefas synthesized new Poly (MMA-co-TSDE) hybri@tadegs in comparison
to PMMA.

K eywor ds: click chemistry, crosslinking, hybrid coatings

I ntroduction

The ubiquitous demand for multifunctional, highfpemance coatings are best met by organic inorghaylicids that can offer
synergistic benefits of both. Hybrid propertiesaicoating are generally obtained by sol gel methbidh allows incorporation
of organic polymers into an inorganic network. Inmmration of siloxane network into such compoundls play a vital role in
enhancing protection to metal substrates by impigtiarrier properties of coatings and decreasiagstiope of permeability of
aggressive species {CH") to the substrate. In general, such hybrid filme lknown to present hydrophobic character up fo 90
WCA for a well crosslinked (Si-O-Si) film forming @empact network. However, these films may suffent hydrolysis (Si-
OH) when exposed to air or aqueous medium causidgction in the WCA Moreover, incorporation of higher concentrations
of siloxane in the films makes them brittle andd®to develop cracks, thereby compromising corrosésistance It is also
known from literature that materials consistinghetero atoms like N, O, S, P and aromatic nucleosige better corrosion
resistant properties to coatifigsrosslinking of coating resins is of immense ficatimportance as it enhances the performance
of the coating. Therefore, design of a new hybrighomer with crosslinking ability that can insettosane groups in to the
network of the polymer by covalent bonding with thenomers and can offer flexibility for use withyathosen monomers in
low volumes and provide significant enhancementhim performance of protective coatings. Key elemendesigning new
functional polymer materials is the accessibilifystarting material and ease of functionalizatiohickh can be achieved by
adopting synthetic organic chemistry concépisiong them, copper catalysed azide alkyne “cligdctiorl (CUAAC) is widely
used for synthesizing 1,2,3-triazole based compswitdch are extensively used as functional mateimathe field of corrosion
resistant coating'®*Xanti-fouling coatingd, biodegradabl& antimicrobial®*and biomedical applicatioris.

In the present study, we report the use of thiskaleaction to synthesize a unique hybrid dialljlee monomer functionalized
with triazole and inorganic siloxane groups desigdaas TSDE, a first example of hybrid crosslinkatsionomer. We also
report synthesis of allyl ether containing azfdad used it as a click linker for the first timéneTdiallyl ether monomer (TSDE)
is shown in Fig. 1 with both triazole nucleus aifldxane moiety in a single structure. Here the roole was designed to
incorporate both organic (triazole) and inorgarsitokane) groups in the monomer such that comblmatefits of improving
adhesion to the substrate and enhancing hydrophpoloin surface respectively could be achieved wheead in protective
coatings applications. Literature reveals that atimés of allyl containing compounds with vinyl nwmers present promising
applications due to improved physical and elegbricperties:*Crosslinked alkyl acrylates with allyl ethers ofnpeeryhtritol,
sucrose, and trimethylolpropane are reported tsalfe for use in cosmeti¢$llyl ether maleate functional hyperbranched ester
resins were synthesized by Johansonn et al. ty $hair curing performance and film propertiégross-linking of dendrimers



with allyl ether end-groups using the ring-closimgtathesis to develop new dendrimer architectfaed found that in the
presence of a catalyst analogous hyperbrancheensystan be polyallylated to give nearly completessiinking’. The
difference in reactivity between allyl acrylate atidllyl ether was reported by Busfield et al stgtthat in case of allyl acrylates,
products were formed by H-abstraction as well afitixh of both allyl and acryloyl double bonds weas for allyl ethers it was
H-abstractionalorté. However, it was reported that at lower composgiof < 10 mol %, these diallyl compounds show lsimi
reactivity to that of methyl methacrylate homopoymehe crosslinking efficiency of the as synthedize/brid TSDE was
investigated by copolymerizing with MMA and theienformance as hybrid coatings was evaluated byestibg them to
anticorrosion and antibacterial study in comparisorthe unmodified PMMA coatings. Crosslinking djilof TSDE with

vinylic monomers and choice of its content in tesim opens up an alternative and easy method ahgpalgbrid resins useful in
high performance protective coatings.
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Fig.1 Multifunctionality in hybrid TSDE structure

Experimental section

Materials

Sodium azide (99% extra pure), calcium hydride (33&ltyl bromide (99% stabilized), propargyl bromi¢B0 Wt% solution in
toluene) and tetrahydrofuran (99.5% extra dry awetecular sieves stabilized), were purchased framo#é organics, Belgeum.
Sodium hydride (57-63% oil dispersion powder) aBeA(ninopropyl) triethoxysilane (98%) were purchadesm Alfa Aesar,

Massachusetts, USA. Copper(l)iodide 98%, 2-chidhamol 98% were purchased from Avra Chemicals, Irbjoked, India. Dry
n-pentane, dichloromethane and diethyl ether werehased from Finar chemicals Ltd, Mumbai, IndisetM/| methacrylate

and benzoyl peroxide were purchased from Aldrichneicals. Benzoyl peroxide was recrystallized befae and remaining all
above chemicals were used without further puriitcat

M easurements

The FT-IR spectra of synthesized molecules andrpety were recorded on Thermo Nicolet Nexus 670tspaeter.'H NMR
and*®C NMR of the synthesized samples were done with/RRR-300 MHz spectroscopy by taking CR@k solvent and
tetramethylsilane (TMS) as reference at room teatpee. The Electro spray lonization — Mass Spectpg (ESI-MS) analysis
was done on Waters Micromass Quattro micro, ARtimsent. The morphology of hybrid free films wasdicterized by
Scanning Electron Microscopy (SEM) using JEOL JSBB@-. The Thermo Gravimetric Analysis (TGA) was docted for
synthesized cross-linker based PMMA films with temgture ramp rate at 40 per minute under continuous Nitrogen
atmosphere by TGA Q500 Universal TA instrument (i}l Differential Scanning Calorimetry(DSC) wasrieat out with

DSC Q100 Universal TA instrument (UK). Tensile pedjes of the films (5x1 cm2) with a thickness 6DImicrons were tested
on a Universal Testing Machine (EPS) of TSDE loaeBMA coated mild steel panels with 2x2 cm2 werlgjscted to test the



corrosion resistance by Tafel method in 3.5% NaGlton with IM6ex (ZAHNER Elektrik, Germany). Theontact angle
studies of coating free films were carried out KIRUSS contact angle measuring system G10, GernTdigygel content,
crosslink densityv, sand the average molecular weight between croks;IM. , for the free films of Poly (MMA-co-TSDE)
(TSDE = 2.5%, 5%, 7.5% and 10% ) were determineddaking a sample of 0.1g in chloroform for 2 d&yse swollen
polymer was separated from the dissolved portiofiltogtion and then dried. From the weights offbetvollen and dry gel,
weight fraction of the non-dissolved part i.e., gehtent,v. ;and M, were calculated based on Flory’s equatidi 1
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Here,p is the density of the polymer (PMMA=1.18 gft@ 25°C), V, in eq (2) is the volume fraction of polymer in thgollen
gel, andy is the polymer-solvent interaction parameter (B;3alculated from solubility parameter valtfes/, is the molar
volume of the solvent (80.7cm/mol), andis the number of functional groups on a crosslkihgeint(4). Solvent swelling data
can give absolute values for crosslink density. ey, this calculation stands only as an approxénaas it assumes that the
polymerization goes to completion, which is notayw the case.

Synthetic procedures
Synthesis of (N-(prop-2-ynyl)-N-(3-(triethoxysilyl) propyl) prop-2-yn-1-amine) (Compound-1)

APTES (13.28g, 60 mmol) was dissolved in 200ml of @HF in a round bottom flask. To this calcium hige (12.6g,
300mmol, 5 eq.) and of propargyl bromide (15.7@®f)rimol, 2 eq.) were added. The mixture was stifoed.2 hours at room
temperature under nitrogen atmosphere. To thetmguhixture, 200 ml of dry n-pentane solvent waksled. The residual
calcium hydride was then removed by vacuum filtratand the n-pentane solvent was removed undeurato get the final
product as viscous orange coloured liquid (85%dyielThe schematic representation of the reactias shown in Scheme 1.

IR (neat, crit): 3300 EC-H Str), 1108-1080 ( Si-O StiH NMR (300 MHz, CDCJ): & (ppm) 0.61(t, 2H), 1.23(t, 9H), 1.59(q,
2H), 2.21(t, 2H), 2.53(t, 2H), 3.44(d, 4H), 3.826H); *C NMR (75 MHz, CDCJ):5 (ppm) 7.83, 18.27, 20.79, 42.07, 55.87,
58.32, 72.73, 78.91; ESI-MS m/z calculated fegHG/NSIiOs is 297, found (M+H) peak 298.

Synthesis of 2-azido ethanol (Compound 2)

In a round bottom flask, 2-chloro ethanol (10g,2@drhol, 1 eq.) and sodium azide (20.153g, 0.31,e8.% were dissolved in
100ml of deionised water. The reaction mixture vediixed for 24 hours with continuous stirring. e resulting mixture, 25 g
of sodium sulphate was added and stirred for and&Beminutes. The mixture was filtered and the prtdn the filtrate was
extracted using dichloromethane (3x50 ml). Aftemmwating the solvent the product 2-azidoethano$ whtained as a
colourless liquid with 90 % yield. (Scheme 1)

IR (neat, cm-1): 3382(0-H Str), 2937,2881(C-H S2M)00(NStr); 1H NMR (300 MHz, CDCI3):3 (ppm) 3.2 (s, 1H), 3.44 (t,
2H), 3.77 ( t, 2H);®C NMR (75 MHz, CDC}):8 (ppm) 52.92, 60.74 ; ESI-MS m/z calculated fgHEON, is 87.08 found
(M+H) peak 88.

Synthesis of 3-(2-azidoethoxy) prop-1-ene (Compound-3)

2-azidoethanol (7.5g, 0.08mol, 1eq) in 10 ml dryFTWas added to the solution of the Sodium hydrid&7g, 0.17mol, 2 eq.) in
35ml of dry THF at 8C. After the complete addition, 50 ml of diethyhet solvent was added. The reaction mixture wasedti
for 30 minutes under nitrogen atmosphere. To thetien mixture, allyl bromide (12.5g, 0.1 mol, £§.) was added drop wise
and the stirred for overnight at room temperatilitee reaction mixture was cooled t&0and 50 ml deionised water was added
to quench the reaction. The diethyl ether layer seggarated and the aqueous layer was washed withd2&thy! ether for three
times. The combined diethyl ether layers were doedr sodium sulphate. After filtration, the finadoduct was obtained by
removing the solvent under reduced pressure. Thedupt was acquired as a pale yellow viscous lioiith 80 % of yield.
(Scheme 1)



IR (neat, crif): 3050(=C-H Str), 1630(C=C Str), 210Q(8itr) :H NMR (300 MHz, CDC)): § (ppm) 3.39(t, 2H), 3.62(t, 2H),
4.04(d, 2H), 5.2(d, 1H), 5.32(d, 1H), 5.91(m, 1HE NMR (75 MHz, CDC)): 5 (ppm) 50.4, 68.5, 72.3, 134, 117.02; ESI-MS
m/z calculated for HyON; is 127, found (M+H) 128.

Synthesis of triazole siloxane based multifunctional cross-linker (TSDE):

The above synthesized compounds 1 and 3 were akeg ratios and dissolved in dry THF solvent.tfie resulting mixture 5
mol% of Copper iodide was added portion wise. Theure was stirred for 24 hours under nitrogen a&pheere. The reaction
was monitored by using FT-IR spectroscopy. Thetieaavas stopped when the azide stretching peaknar®100 crit was
disappeared. Finally, the product was collectedraftvaporating the solvent as a viscous greendligith nearly 100% vyield.
(Scheme 1)

IR (neat, crit): 3100(Triazole C-H Str), 1630( =C-H Str), 1450éFole C=C Str) 1080-1103( Si-O Str); 1H NMR (3004%)
CDCI3)3 (ppm) 0.60(t, 2H), 1.22(t, 9H), 1.67(m, 2H), 2BRH), 3.76(m,4H), 3.80( m,10H), 3.97(d, 4H), 454H),
5.19(m,2H), 5.8(m, 2H), 7.72(s, 1HYC NMR (75 MHz, CDCJ):5 (ppm) 14.2, 18.5, 23.2, 50.02, 56.5, 57.6, 583, .5,
144.8,118.2, 124.9, 134.6; ESI-MS m/z calculated®sH,sN,SiOs is 551, found (M+H) 552 .

Scheme 1 Synthetic steps involved in synthesis of TSDE.

Step-1
\/O NH; Br
>Si (\/\ ///\ \/O\S, PP /\s
-
APTES 1
Step-2
NaN Br
HOL_~, ’ g > X Ns/\/ O\/\

NaH
2-chloroethanol 2 3

Step-3 F/

=N
N0
\/O /\ \/
NPT o Cu(l) o,
/\O/SI\O \\ + NS/\/ \/\ o~ /Si\
N = RT © o™\ ~N Lo
NiN/
1 3 A

TSDE Cross linker

Synthesis of poly (MM A-co-TSDE)



Copolymerization of TSDE crosslinker with vinylicomomers (methyl methacrylate) was examined undee fradical
polymerization conditions. The monomers MMA and ESiere copolymerized in presence of benzoyl pemxiitiator. For
this initially, MMA and TSDE (0, 2.5, 5, 7.5 and ¥% with respect to MMA) monomers were taken ig @HF along with
BPO initiator (1 wt% with respect to monomers)ahe mixture was stabilized for 30 mins with agitationder nitrogen
atmosphere at room temperature. The temperatur¢ghwagaised to 8@ and the reaction was continued for 10-15 houti ain
viscous liquid was obtained (Scheme 2).Coating2aty methyl methacrylate (PMMA) and TSDE crosslid&MMA named as
TSDE-2.5, TSDE-5, TSDE-7.5, TSDE-10 were prepangananually driven applicator to test the effectT&DE crosslinking
and its content on the performance of Poly(MMA-c8BE) hybrid coatings in comparison to PMMA homopody.

Scheme 2 Synthesis of poly (MMA-co-TSDE).
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Results and discussions
'H NMR, ®C NMR and ESI-M S analysis

The formation of chemical structures of compoun@-azidoethanol, compourgland TSDE cross-linker was confirmed ¥
NMR, *3C NMR and ESI-MS spectroscopic techniques. MR, *C NMR spectras of various compounds were shown in
Fig. 2,3. And the ESI-MS spectra were shown in BigThe formation of compound-1 was confirmed by titcurrence of a
doublet ats 3.44 (CH-C=CH) and triplet ab 2.21 (CH-C=CH) in '"H NMR spectra; the presence of peaks$ 42.07 (CH-
C=CH), § 72.73 (CH-C=CH) ands78.91 (CH-C=CH) in **C NMR spectra corresponding to propargyl group. finmation of
2-azidoethanol was confirmed by the presence oiptet atd 3.44 (CH-N3) in *H NMR spectra and a sharp peaksd2.92
(CH,-N3) in °C NMR spectra. The compound-3 was confirmed byptiesence of two doublets &6.2 (CH-CH=CH,), & 5.32
(CH,-CH=CH,), a multiplet at 5.91(CH-CH=CH,) and a doublet &t 4.04 (CH-CH=CH,) in '"H NMR spectra; the presence of
8 72.3 (CH-CH=CH,), 117 (CH-CH=CH,) and§134 (CH-CH=CH,) in *C NMR spectra corresponding to allyl group. The
occurrence of click reaction between compoutrahd3 was confirmed by the presence of new peaks7a??2 (triazole C-H) in
'H NMR and ab 124.9 (triazole C-H) in®C NMR spectra of TSDE cross-linker.

From ESI-MS analysis the formation of compoun®-azidoethanol, compour8land TSDE cross-linker was supported by the
presence of a (M+H) peaks at m/z 298, 88, 128 &2d&spectively.
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propyl) prop-2-yn-1-amine), (d) TSDE.
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Fig. 4 ESI-MS analysis of (a) 2-azido ethanol, (b) 3-¢&aethoxy)prop-1-ene, (c) (N-(prop-2-ynyl)-N-(3-
(triethoxysilyl)propyl)prop-2-yn-1-amine), (d) TSDE

XRD studies

The synthesized poly (MMA-co-TSDE) free films suahi PMMA, TSDE-2.5, TSDE-5, TSDE-7.5, TSDE-10werenaixeed for
the crystalline behaviour by using X-ray diffractitechnique. It is observed that a broad peak ptésdetween 10 and 20 on 2
theta-scale in all the samples (Fig.7). Initiallypon addition of 2.5% of TSDE cross-linker, thestajlinity of the sample was
decreased but with increase in the TSDE percentagerystalline nature of the polymeric film gradly increases and which is
credited to the high cross-linking ability of silme groups.

M orphology

The micrographs reported in (Fig.5) shows a cléffierénce between the crosslinked and linear PMNM#d. Appearance of
lighter regions representing the inorganic moietias noticed to be proportional to the degree o$slinking. PMMA-siloxane
hybrid films made by sol gel method tend to develggrks causing discontinuities in the film dudtittle nature of the film on
crosslinking. Here, the images present a perfebtithyfilm with no macroscopic phase separation.nfadion of uniformly
networked structure can be attributed to the coxdlending between TSDE and MMA during polymeriaati
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Fig.5 SEM images of PMMA and Poly (MMA-co-TSDE) free fiém
Thermal analysis

The thermal stability of the synthesized poly (MMA-TSDE) free films along with pure PMMA was evakchusing Thermo
gravimetric analysis studies. (Fig.6). The onseideposition temperature §f), maximum degradation temperature fax),
10%, 30%, 50% weight loss temperatures and pememthweight remained at 4% of all the samples were tabulated in the
(Table 1). The thermal stability of the polymeiiiens gradually increases with the loading of TSD&ss-linker percentage. For
instance, the maximum decomposition temperaturetiamgercent weight remaining at 400for PMMA, TSDE-2.5, TSDE-5,
TSDE-7.5, TSDE-10 are 37G, 39PC, 412C, 414C and 418C; 2.9, 15.1, 41.5, 44.9 and 45.9 respectiveljs known from
the literature that the PMMA shows three step tleéregradatiorf’. From DTG analysis, it is observed that all théypeeric
samples are showing a three step degradation @réfdwever, the maximum decomposition temperafligerax) is increased
with the loading of TSDE cross-linker. For instatice Ty max of PMMA, TSDE-2.5, TSDE-5, TSDE-7.5, TSDE-10&i73.85,
391.03, 412.39, 414.75 and 416.74 respectivelyindilar type of result is obtained from DSC analy§iSg.7). The glass
transition temperature g of the polymeric films was improved with the laagl of TSDE cross-linker. For instance thg df
PMMA, TSDE-2.5, TSDE-5, TSDE-7.5, TSDE-10 are 86@0488.14C, 92.29C, 94.22C and 94.3% respectively. The overall
improvement in the thermal stability and glass diton temperature of the polymeric films is creditto the presence of highly
thermally stable 1,2,3-triazole and siloxane uaitsTSDE cross-linker.
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Fig.6 (a) TGA and (b) DTG profiles of PMMA and Poly (MMé&o-TSDE) films
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Table 1 Thermal stability and glass transition temperawePMMA and Poly (MMA-co-TSDE) free films.
Samplecode Ton (°C) Tgmax(°C) T410%(°C) T450%(°C) % Weight Tg (°C)
remains at 400 °C
PMMA 288.07 373.85 165.62 333.45 2.912 80.04
TSDE-2.5 290.90 391.03 178.63 374.64 15.05 88.14
TSDE-5 299.26 412.39 219.70 390.02 41.53 92.29
TSDE-7.5 302.37 414.75 22591 394.37 45.93 94.21
TSDE-10 309.79 416.74 233.07 394.51 45.89 94.32

Crosdink density

Table 2 summarizes the cross linking charactesisiicPoly (MMA-co-TSDE) samples by swelling methbake results display
gel content enhancement leading to increased orkadénsities and lower number of monomer unitsveeh the cross links
with higher TSDE contents and a more significardrnge was noticed for TSDE-10 sample. Because, @b TSDE loaded
PMMA would be less capable of swelling to the sanagnitude as others due to the drastic decrease imumber of elastically
active chains comparatively. Generally, increagiegree of crosslinking is always associated witteerease in Mleading to
lower chain flexibility that results in enhancedhsg transition temperatur&s The results of Tg from DSC measurements as
expected are also in support of the observation.

Table 2 Characteristics of Poly (MMA-co-TSDE) samplesnfrthe swelling data using Flory's equation.

Sample Weight of Weight of Gel content Equilibrium V, M,

Code swollengel  dry gel W,/W,x100 swelling 1(1+S)° (g/mol) (mol/cm®)
(Wa)g Wayg (Wt %) S=(Wo-Wo/W)

TSDE-2.5 0.067 0.015 15 3.47 0.01 9.31x10’ 1.27x16

TSDE-5. 0.083 0.026 26 2.19 0.03 6.23%10 1.89x16

TSDE-7.5 0.095 0.032 32 1.97 0.04 1.04%10 1.13x10

TSDE-10  0.119 0.060 60 0.98 0.13 3.74%10  3.15x16




Tensile properties

The tensile strength and elongation at break valureBMMA and TSDE cross linked PMMA samples aregented in Table 3
and represented in Fig. 10. It is a well-known deatthat average molar mass between cross links,affects the tensile
properties of the films. Therefore, as Mecreases, crosslink densities of the polymeeas® resulting in higher tensile strength
due to greater maximum stress values and lowegetam at break.

Table 3. Tensile properties of PMMA and Poly(MMA-co-TSDHe films.

Sample code Max. stress Elongation at break
(N/mm?) (%)

PMMA 16.19 5.06

TSDE-2.5 17.06 3.81

TSDE-5 18.96 3.36

TSDE-7.5 20.52 3.12

TSDE-10 24.32 3.00

Water contact angle results

The as prepared polymer hybrids were coated oaks@ubstrates for water contact angle measurenienfs shape analyses of
the obtained TSDE incorporated hybrid reveal astantding hydrophobic property with increase indgh@unt to cross linker. It
is inferred that the silica backbone of the crasker forms a network making highly dense siloxdin&ages leading to an
enhancement in hydrophobicity. It is observed pivatine PMMA had a contact angle of°&2°and following the addition of
TSDE the angle boosted to £@2°for TSDE-10. The water contact angles of TSDE-ZSPE-5, TSDE-7.5are 7,86° and
91°+2°respectively (Fig. 8).

Fig. 8 Water contact angle results for plain PMMA andyRMMA-co-TSDE) free films.
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Electrochemical Polarization Studies (EPS) and Fog tests

The corrosion of metal substrates is a major proldéserved all over the world and most of the abédl coating formulations
suffer from leaching of oxygen, moisture and idnsorporation of inorganic moieties and heteroaygdlioups into the coating
formulations is a dependable choice to addressptioislem. In the present work, all the synthesigetymeric films are tested
for the anticorrosive properties by potentiodynaputarization studies and salt spray fog téts

Corrosion protection of metal by application of the synthesized PMMA and the Poly (MMA-co-TSDE) taugs has been
evaluated by Tafel method.The values Qf & | .o pOlarization resistanc€f, and corrosion rate (mm/year) are given in Table
4. A typical Tafel plot is shown in Fig. 9.Poly (MMco-TSDE) films reduced the corrosion currentsstically indicating
improvement in corrosion resistance in comparisonPMMA. TSDE-10 displayed better corrosion resistarwith least
corrosion current (k) value and a significant shift of the corrosiortgudial (E,,) to positive value. A gradual decrease in
corrosion rate was noticed with increase in therele@f TSDE crosslinking of PMMA indicating its bt corrosion resistance
behaviour comparatively. Thus, it is understood twatings with TSDE provide enhanced corrosiortqmtion and the results
comply very well with the findings from salt sprégg tests. These results support the hydrophobigreaf TSDE that repels
moisture/corrosive media from being absorbed onstiméace, preventing the underlying metal from asion attack as also

evidenced by the contact angle (wettability) measunts.
The corrosion test for the coatings was perfornmedugh fog test. (Fig. 9). Each coating was casa timoroughly cleaned mild

steel panel (3x5 cm) with acetone, ethanol andoaézéd water so as to remove trace impurities,aserfoils, and dust
particulates. The coatings were spin coated orgeettpanels with a thickness around 100 microndefhéor drying at room

temperature for 24 hours. Following this the dieshels were placed in a salt spray chamber. Theffé§o NaCl solution was
continuously sprayed on the coated panels for aBsthours. The coatings were monitored at regotarvals to estimate the
corrosion rate. It was observed that with incremsgercentage of TSDE in the coating there was lestamtial increase in
corrosion resistance. TSDE-10comparatively was dotongive maximum corrosion resistance up to 250réisalt spray while
PMMA had shown 90% corrosion within 120 hours. Té¢lesarly indicates that the performance of the silosked coatings was
proportional to the crosslinked percentage of TSDiLS, the presence of triazole and siloxane fanetities in TSDE in the
coating has fulfilled their role by offering impred adhesion to the metal substrdtand protective barrier propertiésat the

film surface simultaneously.

WE(1).Current (A)
Bk
o
a-

1 1 | 1 1
-1 08 -06 -04 -02 0 0.2
Potential applied (V)

Fig. 9 Fog test results and Polarization curves on Taélfpr PMMA and Poly (MMA-co-TSDE) coatings on mikteel panels.
a) PMMA, b) TSDE-2.5c) TSDE-5 d) TSDE-7.5€) TSDE-10.

Table 4.Corrosion parameters obtained from Electrocheniimpbedance Spectroscopy studies for PMMA and TSDEstinked
PMMA films coated on mild steel.

Sample code E s [P Polarization Corrosion rate
(mV) (A) resistance(Q2) (mml/year).
PMMA -601.820 2.29pA 27.6690 K 2.6677x1CF
TSDE-2.5 -656.650 44.29 nA 1.0784@M 5.1473x1d
TSDE-5 -254.290 1.11 nA 42.5920M  1.2907x10
TSDE-7.5 -46.2340 0.50 nA 98.7670M 5.8682x10
TSDE-10 1.65500 0.24 nA 97.3630M  2.7996x10
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Antibacterial results

The antibacterial activities were measured basedhenformation of inhibition zone loss of bactergriowth beneath and
surroundings of the films placed on Luria Bertagammedium. The colonies of various bacteria wemvg on CzapekDox
medium. (Fig.10). The CzapekDox plates consistauftérial cultures, and the embedded films werehkiated for 4-5 days at
ambient temperatures of 28 + 4 °C; loss of badtenass surrounds beneath the film was monitoredthé present work,
Staphylococcus aureus andKlebsiella pneumonia were used as gram positive and gram negative riglcséains. The embedded
TSDE loaded PMMA polymeric films were showing exest resistance towards the bacteria comparedet@tistine PMMA.
This resistance towards various bacteria can biewtid mostly to the presence of 1,2,3-triazolisuin the crosslinked polymer
in comparison to the similar effect contributedthg presence of catalytic amounts of Cu (1.6wt%h wespect to TSDE that
may be considered almost negligible.

201 b) <
_-a) b) TSDE-2.5
15
101 ‘ ‘ ‘ c) TSDE-5
5 4
d) TSDE-7.5
ol l\, A-—BA BA BA
e) TSDE-10
u Max. stress (N/mm?) = Elongation (%)
Staphylococcus aureus Klebsiella pneumoniae

Fig. 10 Antibacterial activity and Tensile properties ®fIA and Poly (MMA-co-TSDE) free films.

Conclusions

In summary, we have reported the use of azide alkglick” reaction to make a multifunctional hybrdiallyl ether
crosslinker compound (TSDE) with siloxane and wlaezfunctionalities in a single structure. The gatkesized new
azide click linker opens up the possibility to dgsa wide class of azides with other functionditileat can be used to
react with the terminal dialkynes on the sol geitbgsized siloxane compound resulting in a multfiomal hybrid
crosslinker. This new method opens up the scopesfyothesis of such class of monomers with apprtglyia
functionalized azide click linkers that can be uséh making variety of hybrid coatings. A compavatstudy of the
properties like thermal, wettability, corrosion atdcterial resistance of Poly (MMA-co-TSDE) versBMMA
homopolymer have proved the enhanced performanteeadfiybrid coatings with a low < 10% TSDE. Hentbe role
of TSDE crosslinker in the coating has successfptigved the advantages of such designed monoménshybrid
functionalities that help form homogeneous and cachfilms useful in the field of protective coatig
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Highlights of thework

A multifunctional hybrid diallyl ether monomer (TSDE) useful as crosslinking agent in polymer
synthesis was synthesized using azide alkyne click chemistry as first example.

A new alyl ether functional azide was synthesized and used as click linker for the first time.

TDSE could be used to copolymerize with any vinylic family of monomers to make hybrid coatings
with synergistic benefits from organic triazoles and inorganic siloxane functionalities.

Siloxane groups here get incorporated into the polymer network by covalent bonding with the
monomers to form a more compact film unlike the ones prepared by sol gel method.

Copolymers of Poly (MMA-co-TSDE) result in enhanced barrier, corrosion resistance and anti-
bacterial protection properties to the filmsin comparison to PMMA.

This new method opens up the scope for synthesis of such class of monomers with appropriately

functionalized azide click linkers that can be useful in making variety of hybrid coatings.
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FT-IR analysis

In the present work, FT-IR analysis was performed to verify the formation of various steps involved in the development of poly
(MMA-co-TSDE) free films such as synthesis of (N-(prop-2-ynyl)-N-(3-(triethoxysilyl)propyl)prop-2-yn-1-amine) (compound-
1), 2-azidoethanol (Compound 2), Synthesis of 3-(2-azidoethoxy)prop-1-ene (Compound-3), TSDE cross-linker and the poly
(MMA-co-TSDE) polymers.(Fig.1,2)

The formation of compound-1 can be confirmed by the disappearance of broad peak of N-H str at 3400 cm and the formation of
new sharp peak at 3300 cm* (=C-H Str). The strong peak in the range of 1108-1080cm™ corresponds to Si-O stretching. The
formation of 2-azidoethanol from 2-chloroethanol was confirmed by the presence of new peak at 2100 cm™ corresponding to
azide (-N3) group. Compound-3 formation was confirmed by presence of two stretching frequencies related to the alkene
functional group such as the peak at 3050 cm™® (=C-H str) and the peak at 1630 cm™ (C=C str). The click reaction between
compound-1 and 3 for the formation of TSDE cross-linker is confirmed by the disappearance of alkyne and azide stretching
frequencies around 3300 cm™* and 2100 cm? respectively and the formation of new peaks related to the 1,2,3-triazole unit such as
alow intense peak at 3100 cm™ (triazole C-H) and a sharp peak at 1450 cm-1 (triazole C=C str). Finally, the formation of poly
(MMA-co-TSDE) polymers were confirmed by the disappearance of peaks corresponding to alkene functional group at1648 cm*
and the presence of stretching peaks at 1722cm* (C=0 str), 1150-1250cm™ (C-O-C str). 1170-1160cm?, 1085cm™*,970-940cm™
relates to stretching frequencies of Si-O-CH,CH; present in TSDE based PMMA.
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Fig. 1 FT-IR spectra of @) 2-azido ethanol b) 3-(2-azidoethoxy) prop-1-ene c) (N-(prop-2-ynyl)-N-(3-(triethoxysilyl)propyl)prop-
2-yn-1-amine) d) TSDE
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Fig. 2 FT-IR spectraof 8 TSDE-10 b) TSDE-7.5 ¢) TSDE-5 d) TSDE-25 €) PMMA.



