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Abstract

The surface modification of glycolyzed polyethylene terephthalate (PETg) was performed by surface-initiated ATRP with a
statistical copolymer composed of poly(butyl acrylate) (PBuA) and poly(styrenic azobenzene) (PSA). First, a bromo end-capped
PETg was previously synthesized and then used to obtain thick films by melting under pressure. The top surface Bromo moieties
of the PETg were activated as ATRP macro-intiator to polymerize Butyl Acrylate (BuA) and styrenic azobenzene (SA) monomer.
In the meantime, a serial of statistical copolymers was synthetized based on SA and BuA units to finely tuned the glass transition
temperature value of copolymer close to the room temperature. The introduction of the BuA unit decreased the initial Tg value of
the PSA from 100 to -10°C. A statistical copolymer P(BuA-stat-SA) with 40 wt% of BuA units with a Tg value around 20°C was
then initiated from the surface of the PETg film to be chemically anchored. Under illumination at 365 nm and 450 nm, a reversible
Trans to Cis isomerization of the P(BuA-star-SA) layer is observed which induces a strong shift of the transmittance of the PET
film as a light-triggered UV-protection and wettability. Such materials can be used in the field of flexible substrates for electronic

to create light-triggered surfaces properties to tune their adhesion and wettability.

1. Introduction
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Even though the actual performance of flexible electronics remains lower that the one of silicon technologies, they offer certain
benefits such as flexibility, thinness, semi-transparency, and cost of production. For flexible electronic, it is well known that the
performance of printed circuit (i.e. resistance to bending, electrical properties) crucially depends on the properties of the ink-
polymer interface.[1,2] Ink substrate adhesion is governed by surface tension of both ink and substrate, substrate morphology and
thermomechanical properties (7g).[3] To illustrate this, Siniscalco et al. have demonstrated that the deposition of gold by Physical
Vapor Deposition (PVD) technique when the substrate temperature is above its Tg leads to an interpenetration of the gold and
polymeric material leading to a better adhesion and a control of the electrical properties of the metal coating.[4]

Poly(ethylene terephthalate) (PET) is widely developed for a large range of applications such as fibers, films, packaging, and
engineering plastics for automobiles and electronics. The huge use of PET based polymers in the flexible industry is due to their
flexibility, thermal properties and high recycling capacity. [S] However, because of its poor solubility in organic solvents
modification of its surface properties becomes a challenge. To enhance this ability, reclaimed polyethylene terephthalate and
chemicals derivable from renewable resources, i.e. ethanediol, are combined to create deconstructed glycolyzed PET, i.e. PETg,
with properties exceeding those of standard petroleum-based materials and solubility.[6]

The final objective of this work is to create a new material which can tuned its surface properties under illumination. Regarding its
properties, PETg was used as flexible substrate to this study. Azobenzene derivatives which Trans-Cis isomerization upon
irradiation with UV or visible light[7] are selected as light-triggered moiety. This choice was governed by studies which have
shown their efficient and robust photo-chemistry.[8—10] More specifically polyazobenzene can photo-induced liquefaction and
softing.[11] Indeed, when azobenzene derivatives are incorporated in a polymer matrix or grafted on polymer backbones (i.e.
azopolymer), the change of dimension due to the reversible isomerization induces motion of the polymer chains[12] leading to a
reversible change of the glass transition temperature 7g and of the elastic modulus.[11,13—15] The most important decrease of Tg

from 48°C to -10°C was observed by Zhou et al. upon photo-isomerization for azopolymer with an acrylate backbone.[16]

In order to combine the photochemical properties of polyazobenzene and the flexibility of the PETg, the challenge is to
chemically anchor the light-triggered polymer onto the polymeric substrate. As described above, PET has an excellent chemical
resistance,[17] but it is not soluble in usual solvent for chemical modification. Due to this property, the major part of copolymer
containing PET are statistical and obtained by step growth polymerization also called polycondensation.[18,19] However, block
copolymer can be obtained by surface modification by either grafting from[20-26] or grafting to[27] method. For example, the
use of the PET for block copolymer can be achieved by grafting from process, which can be realized by Atom transfer radical
polymerization (ATRP).[28,29] However, a previous modification should be realized to use PET as ATRP macro-initiator. For
example, Pan et al. modified a PET surface in three steps in order to create a Bromo end group at the surface and used it as macro-
initiator for the Hydroxyethyl-Methacrylate polymerization.[20] Maaz et al. also modified PET, by a three steps reaction to

initiate the 4-vinylpyridine polymerization from a benzyl chloride-modified surface.[25]



The association of PET with azobenzene is rarely studied. Jing et al. synthetized a copolymer by co-polycondensation of
terephthalic acid, ethylene glycol and azobenzene-4,4’-dicarboxylic acid. In this case, the azobenzene groups, used as flame
retardant, are part of the backbone and are not introduced as pendant groups.[19] Burillo and coworker have modified the surface
of PET by polymerization of acryloyl chloride using gamma irradiation and then grafted the azobenzene onto the acryloyl chloride

units by esterification reaction.[21,22]

In this work, the surface modification of thick PETg film by a statistical copolymer composed of BuA and a styrene-derivate
azobenzene SA monomer is described. First, the PETg is modified by 2-bromopropionyl bromide to obtain Bromo end-capped
chains and to be used as macro-initiator to copolymerize BuA and SA by surface-initiated ATRP from the surface of PETg films
(Scheme 1). The final objective is to control the isomerization under illumination and modified the surface properties. In order to
tune the softness of the light-sensitive polymer chains anchor to the surface, a preliminary study of the copolymerization of BuA
and SA was realized to tune the Tg as close as possible of the room temperature. Then, the composition corresponding to a Tg
around 20°C was chosen to be initiated from the surface of thick PETg film. Finally, the reversible light-triggered Trans-Cis

isomerization of the grafted P(BuA-star-SA) copolymer properties and its impact on the surface properties was studied by UV-
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Scheme 1. Surface modification of PETg thick film by ATRP polymerization of BuA and styrenic azobenzene (SA) and Trans-

Cis modification of thick film under illumination with the photo of the films.

2. Result and discussion

2.1. Poly(BuA-stat-SA) synthesis in solution

Herein, the objective is first to copolymerize from the surface of PETg a styrenic azobenzene monomer SA, i.e. presenting a Tg

value of 100°C, with BuA to finely tuned the P(BuA-stat-SA) copolymer Tg around 20°C. The composition of the P(BuA-stat-
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SA) copolymers were determined by '"H NMR. An example of 'H NMR characterization is represented in Figure S1. The
different statistical copolymer obtained are then described in Table 1. As expected, the Tg values followed the Fox equation[30]:
1/Tg = Fppua/Tgppua+Fpsa/Tgpsa where Fppua and Fpsa are weight fractions of polymer and Tgpg.a (221.35 °K[31]) and Tgpsa
(373 °K) are their Tg values in Kelvin (Figure 1). The statistical copolymer leading to a Tg value around 20°C has to be

composed by 40 and 60 wt% of BuA and SA, respectively.

Table 1. Initial condition and final properties of all statistical copolymer based on styrenic azobenzene and butyl acrylate.

Initial condition Final properties
Npua Nazo nini® and NPMDETA Mol% Wt% Conv Conv Mn® Mn? b Tg (°C)
mmol mmol NCubr mmol PBuA PBuA BuA® Azo® % gmol!  g.mol’!
mmol %

- 1.59 1.67x10? 3.33x1072 - - - 30 9000 10 600 1.6 100
3.90 1.59 4.58x102 9.16x102 38 20 43 70 12 500 16 600 1.5 45
2.60 1.59 3.49x10 6.99x10 48 28 27 50 10 000 11 100 1.6 39
7.24 1.59 7.36x107 10.47x107 64 42 37 84 10 600 15 400 23 22
7.24 1.59 7.36x10 10.47x107 69 49 41 86 11200 14 300 2.1 11
5.85 1.59 6.20x10 10.41x10 72 52 42 75 11 300 15200 2.1 -12

dini = 2-Azidoethyl 2-bromoisobutyrate; "Conv = Conversion “Theoretical molecular weight; © Molecular weight in number obtained by SEC in THF.
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Figure 1. (Dot) Tg of P(BuA-stat-SA) in Kelvin against the wt% of PBuA, (Dashed line) simulation from the Fox equation.[30]

2.2. PETg analysis:

To facilitate the taking in hand and its chemical modification, a commercial glycolyzed PETg [32] from Polycasa was used for its
solubility in usual organic solvents as dichloromethane (chemical modification) or chloroform (NMR analysis) (Figure S2)., By
"H NMR,[33] an estimated molecular weight of 23 100 g.mol! with 70 % of ethylene glycol terephthalate (Miepesitive unit = 192
g.mol!) and 30 % of 1,4-cyclohexanedimethanol terephthalate units (Miepeitive wit = 274 g.mol!) with hydroxy end groups. The
average molecular weight of Mn =33 600 g.mol!with a dispersity value D of 1.7 was also calculated by SEC in DMF with a
PMMA calibration. Wettability determined by contact angle with water of PETg is 65.7+0.7°. The thermal properties and the

semi-crystallinity of the PETg were determined by DSC with a Tg of 79°C and a melting point temperature 7m of 189°C.



2.3. PETg-Br synthesis:

The PETg was modified as a macro-initiator to polymerize the SA/BuA mixture by ATRP from the Bromo end chain modification.
This chemical modification was realized from a PETg solution in dichloromethane by esterification of the terminal hydroxy
function with the 2-bromopropionyl bromide to form the bromopropionate-terminated PETg (PETG-Br, Figure S3). The
efficiency of the reaction was verified by 'H NMR with the disappearance of the peak at 4.05 ppm (-CH»-OH) and the appearance
of peak at 4.6 ppm (-CH,-O-CO-C(CH;),-Br). By 'H NMR DOSY, the peak with a 4.6 ppm shift has the same coefficient
diffusion than PETg demonstrating the successful chemical modification by the 2-bromopropionyl bromide. Indeed, this 2D
method allows to separate the different species of a blend according to their different translation diffusion coefficients meaning
their difference of size, shape and their surrounding environment (Figure S4).[34] Thick films with PETg-Br were prepared by
cooling in a mold and then press at 150°C. The final thick films obtained have a diameter of 2 cm for a thickness of 0.5 mm

(Scheme 1).

2.4.Chain extension of PETg-Br thick film by surface-initiated copolymerization of P(BuA-stat-SA):

Thick films of PETg-Br were used for surface ATRP initiation for statistical copolymerization of 65 mol% BuA with 35 mol% SA
using CuBr(I) as catalyst and PMDETA as ligand in toluene as non-solvent of the PETg (Scheme 1). After several washing in
acetone, some samples were solubilized in chloroform and characterized by 'H NMR and 'H NMR DOSY to validate the
composition of the block copolymer PETg-b-P(BuA-stat-SA) (Figure 2). The final composition of the block copolymer PETg-b-
P(BuA-stat-SA) is 68 mol% of PBua (47 wt%) and 32 mol% of PSA (53 wt%). This composition corresponds to a Tg equal to
14°C using the linear variation determined previously (Figure 1). In the 'H NMR DOSY spectra, the peak corresponding to the
PSA at 0= 7.93 ppm has the same coefficient diffusion than the peaks assimilated to the PETg (d = 8.12 ppm) and PBuA (=
4.01 and 0.97 ppm). These NMR results confirm the successful of 1) the surface chemical modification and 2) the surface
initiation of the potential light sensitive P(BuA-stat-SA) block. By SEC analysis, no significant modification was observed

because of the very low amount of the PETg-b-P(BuA-stat-SA) over PETg-Br of = 1%.
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Figure 2. (Left) 'H NMR DOSY and (Rigth) '"H NMR of thick film dissolved in deuterated chloroform; “a” corresponds to 4

protons of PSA and a satellite of PETg, “b” corresponds to 3 protons of PBuA and “c” corresponds to 2 protons of PBuA.

2.5.Trans to Cis isomerization characterization of PETg functionalized by P(BuA-stat-SA):

After the successful chemical surface modification of PETg film, a color change is observed from transparent PETg to light
brownish P(Bua-stat-SA)-grafted PETg film. Under UV irradiation, an evolution is observed with a dark brown color (Figure 3D).
To evaluate this behavior, UV-visible characterizations were realized. Thus, a part of the thick film was solubilized in chloroform
and dried on a face of UV-visible cuvette under thin film state which was irradiated under UV and visible light, alternatively
(Figure 3A). Under UV light at 365 nm for 30 s, the adsorption band at 350 nm decreases and the one at 450 nm increases due to
the apparition of the Cis isomer. Then, the Trans to Cis isomerization provokes a shift of the transmittance to the visible
wavelength range as a UV-protection of the PETg, with a jump of the onset transmittance from 300 to 375 nm. Reversible
isomerization was observed after irradiation under visible light at 450 nm for 10 min with the apparition of the Trans form
(Figure 3A & B). Although the light-triggered isomerization in solution, on thin film or from thick film surface was successful
observed. If the Tg evolution are delicate to evaluate by DSC due to thermal instability of the Cis form (Figure S5), the light-
triggered surface properties of wettability evolve reversibly from 80.0+2.4 to 68.6+2.4° with the Trans-Cis isomerization due to
the more hydrophilic Cis form (Figure 3C). Herein, the light-triggered isomerization Trans to Cis of the P(BuA-stat-SA) layer

induces for the first time a dual property with UV protection and sensitive wettability of the PETg surface.
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Figure 3. A) UV-visible features of a casted film on the UV cuvette alternatively illuminate under 450 and 365 nm; B)

Transmittance at 350 nm of the film at the initial state (black), illuminate at 365 nm (orange) and at 450 nm (blue); C) Contact

angle of PETg-b-P(BuA-stat-SA) thick film before illumination at 365 nm (blue, Trans) and after illumination (orange, Cis); D)

structure of SA unit and color of the thick film under 450 nm (left, Trans) and under 365 nm (right, Cis).

3. Conclusion

In this work, the synthesis of a Bromo end-capped PETg by esterification of the hydroxy end group with the 2-bromopropionyl

bromide to lead the bromopropionate-terminated PETg-Br macro-initiator was succeeded and thick films was obtained by melting

under pressure. Then, from a series of statistical P(BuA-star-SA) copolymers, a composition with 65/35 mol% of BuA/SA,

demonstrated a Tg around 20°C. Its grafted homologue PETg-b-P(BuA-stat-SA) initiated from the surface of the PETg-Br film is

light sensitive with a Trans-Cis isomerization associated to a change in the color, in relation with a strong shift of 75 nm of the

transmittance to higher wavelength as a UV protection layer and more hydrophilic surface with wettability from 80 to 68°. The

synthesis of new monomeric designs are under way to impact the surface dual property of the grafted PETg, more significantly or

to induce a multi-functional PET surface.
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