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Abstract

Two new segmented conjugated polymers bearingrgiibgnzene chromophoric units and their
model compounds were synthesized. The tendendyahbdel compounds to form H- and J-type
aggregates in the amorphous matrix was greatlyrismed by the twisted polymeric architecture.
Fluorescence anisotropy measurements indicated gaotbn mobilities in condensed phase.
Fluorescence quenching by nitroaromatic aqueouwsisns was fast, complete, selective and
reversible pointing to a rapid diffusion of anabyiato the films. The quenching response to
nitrophenols was superior to that against nitraoks. The increase of the electron-donating
capabilities by diethoxy-substitution was detrinand the amorphous morphology and it did not
increase sensitivity to NACs. Quenching efficiesax¢ polymers were not modified when MeOH
was used instead of water. The solubility paramdistancesR,. indicate that the sensing materials
show higher responses when their affinity with dnealytes is lower. This observation could help in
the designing of fluorescent sensors.
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1. Introduction

The remarkable development of molecular and polyatestronics relies in a large extent upon the
potential of organic material architectures toureed for improvement of color, band gap, morpholagg
other properties required for their optimal perfamoe in specific applications such as chemical and
biological sensing [1,2,3], emission [4,5] or styggaof light [6]. Conjugated polymers are the pagadof
electronic organic materials and the subject @friae research endeavoring to tailor their lumineseand
expand their fields of application [7]. In this ¢ext, an efficacious concept of macromolecularglesiming
to customize the physical and electronic propedfeonjugated polymers consists in the regulagrinsn in
the polymer backbone of atomic or molecular matifsch tailor ther-conjugation length. Thus, a variety of
regularly segmented conjugated polymers (SCPs) bese synthesized by linking aromatic segments of
discrete size with spacers such as biphenylenbif@phthylene [9], paracyclophane [10], lineaybdke
[11,12] and oxyethylene chains [13], oxygen atofa,[silicon atoms [15,16] and $parbon atoms of the
norbornylene [17], fluorenylidene [18] and isoprbggne groups [19-21] all of which break conjugatio a
controlled manner.

In fact, the well-defined electro-optical propestaf the aromatic segments are usually retainedtidoy
SCPs only in diluted solutions. In solid state, dh@matic units of SCPs often form inter-chain ggethat led
to various morphological organizations at the molacor nanoscopic level [12,13,22-24]. Thus, molac
anisometries, specific attractive forces and megosgation often generates aggregates and exoivhérls
have quite different electro-optical responses fthase of the isolated unit in solution. The mawifion, and
even degradation [23], of the photophysical progsmf the chromophoric repeating units is an aafigc
acute problem in SCPs with flexible spacers, whnosdormational flexibility and amphilicity promote
ordering of the anisometric rigid units [12,23].tBvhen the size of the spacer dwindles down toglsisp-
carbon atom the gem-chromophores are forced irgalandispositions bringing forth twisted polymer
microstructures which introduce a great deal obdisr into polymer morphologies. Therefore, in swudies
we focused on the small isopropylidene spacerexkef element in designing regularly SCPs with
amorphous morphologies which would ideally presgtical properties insensible to the aggregatiatest
Thus, we were successful in obtaining polymeric grhous assemblies of biphenylene [20], terphenylene
[21], quaterphenylene [24] and diphenylfluorenylg2fg] groups with good film-forming properties trare
solution processable and each show similar opticsdonses either in solution or in solid state idgess
despite the absence of side chains in the polynslitacture which is usually a condition to obtaaiuble
aromatic polymeric materials, we found that polyselubilities are notably enhanced when the aramati
segments are tethered by theta rather tharpara positions [25,26]; the same finding has been tegdior
quaterphenylenes linked with oligo(ethylene glyaspacers [12]. Finally, the frustrated packingerhsrigid
segments causes void spaces that ease analyteg&chiaus making films of these nonaggregating
amorphous luminescent materials good candidateshEmosensing by fluorescence quenching [1,3,25-28]

In this contribution, we describe the synthesis i@mibrt on the optical and chemosensing propesfiéso
SCPspPa andPb, in which the backbone consists of distyrylbenzeaged (DSB) moieties and isopropylene
spacers (Scheme 1). The DSB family of chromophdisgsays excellent photophysical properties and has
been the subject of intense research both as mafevaterials [29-31] and as SCPs with flexiblecgpa
[12,32-34]. However, the DSB groups tend to aggeegaaking their morphology at the molecular level
highly dependent on subtle modifications of th&ustures. Thus, closely related members coulchgean
different ground state aggregates, namely, J- aaddfegates, the latter withstacking in either face-to-face
and or in herringbone edge-to-face dispositiongfahem presenting their own optical signatur2g]]in
addition, their excited states could form excit@dats. So, we decided to focus on the DSB chromiggzho
partly because of its remarkable photophysical @rigs, and partly to test the effectiveness of the
isopropylene spacer to yield polymeric amorphosgiablies of DSB chromophores, which could become a



good chemical sensing platform in the solid stabe related model compouniisa andM b were also
synthetized (Scheme 1) and their optical and chensasg properties were correlated with those af the
parent polymers. The central benzene ring of tlese DSB fluorophores for this study was eitheinpld a
andPa, or dimethoxy substituted) b andPb, in order to find whether the increase in the tetecdonor
capacity of the electroactive aromatic segmentlveaeficial regarding their quenching performanca wi
various hydrophilic and hydrophobic nitroaromatiBscause our main interest resides in environmental
issues concerning detection of pollutants in sod water bodies of city and industrial areas, timihescence
guenching response of thin films to NACs was eueldianainly in aqueous solutions [35,36].
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2. Experimental part
2.1 Materials

Reagents were purchased from Sigma and used witller purification unless otherwise specifietleT
solvents used for polymerization were purified tanslard methods, thus THF was purified by distdlat
from Na/benzophenone while DMF was dried over makacsieves and stored under Ar atmosphere.
Chloroform used for spectroscopic measurementsofvgigectroscopic or equivalent grade.

2.2 Measurements and cal cul ations

Melting points reported were not correctdd.NMR (300 MHz) and*C NMR (75 MHz) spectra were
recorded on a Bruker AVANCE Il spectrometer at’€5 Chemical shifts are provided in ppm relative to
TMS & = 0 ppm) for'H and**C NMR. Elemental analyses (C, H) were performedrirEXETER CE-440
instrument at UMYMFOR (Argentina). FT-IR spectrareveecorded on a FT-IR Nicolet spectrometer in KBr.
Gel permeation chromatography analyses were castiedn THF solutions at room temperature using a
Waters model 600 equipped with a Waters 2487 U¥alet set at 254 nm. Calibration of the instrunveas
done using polystyrene standards. Thermal analyasscarried out on a TAQZ20 instrument under nitnoge



flow. The scan rate was 5 °C/min. The thermal bihiavas observed on an optical polarizing microgcop
(Leitz, Model Ortolux) equipped with a hot stagee(fifer).

UV/vis spectra were obtained from a UV-Visible GB@dra 20 spectrometer. The absorption
measurements were done either on dilute samplkesttian 0.01 g/ml) or on thin films cast on quatétes,
which were placed at a 30° angle with respecteaartbident beam. Steady-state fluorescence studies
conducted using an SML AMINCO 4800 spectrofluorienett 25 °C. The emission measurements were
carried out on dilute samples (less than 0.02 njgisihg a quartz cuvette with a path length of lar
keeping the optical densities below 0.1 to mininaggregation and reduce artifacts introduced Hy sel
absorption in fluorescence. Thin film spectra wexarded by front-face (30°) detection. Film spexim
were drop-cast from a CH{dolution on quartz substrates and dried at roonpégature. Fluorescence
anisotropy was measured using a couple of filmnpmdes on the excitation and emission beams in the
spectrofluorimeter operating in an L-format. Theoflescence anisotropy is calculated according to kg —
Glyw/(lw + GA,) wherel.emis the intensity of the emissionandh are the vertical or horizontal alignment
of the excitation and emission polarizers, and lg/k, is the instrumental correction factor which acdsun
for the difference in sensitivities for the detenteind emission in the perpendicular and paratirized
configurations.

2.3. Molecular Modeling

All calculations were performed with the ORCA pragr package (3.03 ed.) [37]. Pre- and post-proagssin
operations were performed by using the graphid¢alfiace Gabedit 2.4.8 [38]. Structures were iditialilt
graphically and optimized with the semi-empiricdA method. Molecular modeling of the model
compounds and polymers was carried out using th@dHfethod [39]. This HF hybrid program use a small
basis set MINIX, coupled with three empirical catiens, the atom-pairwise dispersion correctiorhlite
Becke-Johnson damping scheme (D3BJ) [40,41], tbengtrical counterpoise correction gCP [42], and a
short-ranged basis incompleteness correction, EREs noted that the HF-3c yields rather flattegtitiene
and DSB geometries quite similar to those obtaimgld DFT methods such as B3LYP/6-31G*. It was also
found that for stilbene the B3LYP/def-SVP calcuas coupled with the dispersion correction D3 doed t
basis set superposition error correction gCP giMess planar conformation with dihedral anglearofind 5-
7° but still very far from the experimental value2¥f. Only a post-Harthree Fock method such as MP2Xsgive
near experimental dihedral angles values. Howekhercomputational cost of MP2 geometries is tod toy
our current purposes.

2.4 Fluorescence quenching studies

The films were cast onto carefully leveled quartglass substrates (2.4x0.8 cm) by spreading dner t
whole area 0.1 ml of a chloroform solution of tleenpound. The film was allowed to evaporate slowlg i
nitrogen filled chamber and finally was kept undacuum for 12 hours at room temperature. The tleskrof
cast films was measured in at least five differegions using a UV-visible interferometer (ModeDE2
Filmetrics, Inc.) operated in reflectance mode witkpot size of ~0.5 mm. Stock solutions{M) of each
NAC were prepared by dissolving the adequate amwiuthie desired NAC in 3 mL of MeOH and by
completing the volume up to 10 mL with water. Sqllthse fluorescence quenching was investigatetthéor
NACs at different concentrations on films whosekhess wasa. 200 nm for the polymers amd. 50 nm for
the model compounds. Quenching experiments weferpggd by inserting diagonally the films down toobw
thirds of the height of the fluorescence cell. Them quartz cell was then filled with the solveh#(mL) and
spectra were acquired by front-face (30°) deteatamom temperature after the addition of miceolit
aliquots of the quencher solution. Each fluoreseespectrum was recorded immediately after fluomsee
intensity stabilization.

2.5 Synthesis



Bisphenol A (BPA) was recrystallised from ethanabpto use Bis(chloromethyl)benzendd) is
commercially available. 1,Bis(chloromethyl)-2,5-diethoxybenzen#h) was prepared from diethoxybenzene
by chloromethylation according to the procedur&vafod and Gibson [43]. 2,2-bis(4-methoxyphenyl)prapa
(4) was prepared according to the literature [21].

The synthetic procedures are outlined in Schenidé synthesis of the monomers started with the
preparation of the bisphosphona®asand2b which were obtained from the bischloromethylebeandl1b
using the Arbuzov reaction. Then, the monoaldel8@s synthetized by formylation of the aromatigrin
using the Vilsmeier-Haack reaction while the dialglie5 was prepared in a sequence of two reactions from
4. Thus, a mixture of, formalin, ZnC} and HCI afforded 2,2-bis(3-(chloromethyl)-4-metiipkenyl)propane
which after purification was treated with EtONa amitio propane in DMSO to yield the dialdehysle
Finally, the Wittig-Horner coupling of the bisphdematea and2b with the dialdehyd® yielded the
polymersPa andPb. Similar procedure, but using instead the mondslde4, gave the model compounds
MaandMb.

2.5.1 Synthesis of bisphosphona2as 2b
Bisphosphonates were synthesized by a literatutbadd44] heating under reflux for 24 h a solutmin
the aromatic dichloride (24.0 mmol) in and triegitybsphite (50.4 mmol) under nitrogen atmosphere.

1,4-Bis(diethoxyphosphinylmethyl)benzer@a) was recrystallized in cyclohexane to yield wigtates.
Yield: 73%; mp: 63-65 °C (lit. 75-76 °C) [45H NMR (CDCk) &: 7.25 (s, 4H), 4.00 (m, 8H), 3.12 (d, 4H,
Jup = 20.4 Hz), 1.23 (t, 12H]= 7.1 Hz)."*C NMR (CDCE) &: 130.3, 129.9, 62.1, 33.3p = 141.6 Hz),
16.3.

1,4-Bis(diethoxyphosphinylmethyl)-2,5-diethoxybenee2b) was recrystallized in cyclohexane to yield pale
yellow needles. Yield: 65%; mp: 95-97 & NMR (CDC}) &: 6.92 (d, 2H), 4.01 (m, 8H), 3.64 (c, 40k

7.0 Hz), 3.25 (d, 4H},.p = 20.2 Hz), 1.38 (t, 6H) = 7.0 Hz), 1.24 (t, 12H] = 7.1 Hz)."*C NMR (CDC}) &:
150.4, 119.7, 115.2, 64.6, 61.8, 26]14«{= 140.3 Hz), 16.3, 14.9.

2.5.2 Synthesis of 2-methoxy-5-tert-butylbenzaldkn()

DMF (33.2 g, 0.455 mol) was cooled at 0 °C and &k (58.0 g, 0.378 mol) was added drop wise with
agitation. The mixture was warmed at 35 °C anduatiso of tert-butyl-4-methoxybenzene (3.0 g, 18.4
mmol) in 1,2-dichloroethane (30 mL) was added syoWfterwards, the mixture was stirred for 6 day8%a
°C. The reaction was quenched by addition of sodiaetate (50 mL) and water (100 mL) cooling at 0 °C
then extracted with C}&l, (3x100 mL), dried with N8O, and evaporated under reduced presstré&lMR
(CDCly) &: 10.5 (s, 1H), 7.85 (d, 1H,,=2.67 Hz), 7.58 (dd, 1H}, =2.67 Hz,J, =8.77 Hz), 6.93 (d, 1H,
J,=8.77 Hz), 3.91 (s, 3H), 1.31 (s, 9HIC NMR (CDCE) &: 190.4, 160.3, 143.9, 133.4, 125.4, 124.7, 111.8,
56.1, 34.6, 31.8.

2.5.3 Synthesis of 2,2-bis(3-formyl-4-methoxyphépsdpane )

First, to a solution of 2,Bts(4-methoxyphenyl) propand)((9.56 g, 37.3 mmol) in dioxane (47 mL) was
added powdered Zngdb.0 g, 37.3 mmol). The stirred suspension wasetbts 5 °C and 35% HCI (5.03 g,
138 mmol) was added. The mixture was heated a€7dnt 37% formalig3.0 mL) was added. Additional
37% formalin was added (3 mL) when temperaturehead®&5 °C and then the mixture was then stirre® for
h. After cooling at r.t., the organic layer was tvad with NaHCQ (50 mL), water (3x50 mL), dried with
NaSQ, and the solvent was evaporated to yield 2,2-KisliBromethyl)-4-methoxyphenyl)propane as a
white solid which was used as such in the nexthssitt step. Yield: 13.5 g, 98 %4 NMR (CDC}) &: 7.21
(d, 1HJ= 2.4 Hz), 7.12 (dd, 1H] = 8.6, 2.4 Hz), 6.78 (d, 1H) = 8.6 Hz), 4,61 (s, 2H), 3.85 (s, 3H), 1.64
(s, 3H).*C NMR (CDCE) &: 155.3, 142.7, 128.8, 128.2, 125.0, 110.5, 66%,51.8, 30.9.



To a stirred solution of Na (0.321 g, 13.6 mmolgthanol (19 mL) was added 2-nitropropane (1.92 g,
21.5 mmol) drop wise, then the emulsion was addedgolution of 2,2-bis(3-(chloromethyl)-4-
methoxyphenyl)propane (2.00 g, 5.7 mmol) in DMSO if2.) under nitrogen atmosphere over a period of 10
min. The resulting mixture was stirred overnighdl éimen quenched by addition of cold water (60 rilbe
white solid was filtered off and dried in vacuo.dRestallization from cyclohexane affordédYield: 1.37 g,
77%:; mp: 120-125 °CH NMR (CDC}) &: 10.45 (s, 1H), 7.76 (d, 1H,= 2.6 Hz,), 7.32 (dd, 1H] = 8.8, 2.6
Hz,), 6.88 (d, 1HJ) = 8.8 Hz,), 3.90 (s, 3H), 1.67 (s, 3HC NMR (CDCE) &: 189.9, 160.2, 142.6, 134.8,
125.9, 124.2, 111.7, 55.7, 40.9, 30.6.

2.5.4 Synthesis of 1,4-bis(5-tert-butyl-2-methoyygbenzene{1a)

NaH 60% (0.125 g, 5.3 mmol) was washed 5 times diythexane under Argon atmosphere and
suspended in dry DMF (2 mL). Then a solutioriaf0.295 g, 0.78 mmol) in dry DMF (2 mL) was added
drop wise under Ar. The solution turned to greewislor. This mixture was stirred for 3 h and thesolution
of 3(0.30 g, 1.56 mmol) in dry DMF (3 mL) was addedienAr atmosphere. The solution was stirred at
room temperature overnight, and quenched by thi¢i@aaf water (3 mL) and HCI 5% (1.0 mL), extragdte
with CHCl; (3x10 mL), dried with Nzg50O, and evaporateich vacuo. The resulting solid was purified by
column chromatography using CH@Is eluent. Yield: 110 mg, 32%4 NMR (CDC}) &: 7.60 (d, 2H,) =
2.4 Hz), 7.52 (s, 4H), 7.48 (d, 2Bl= 16.5 Hz), 7.26 (dd, 2Hl= 8.5 Hz,J= 2.4 Hz), 7.12 (d, 2H] = 16.5
Hz), 6.84 (d, 2HJ = 8.5 Hz), 3.88 (s, 6H), 1.35 (s, 18H)C NMR (CDC}) &: 155.0, 143.4, 137.2, 128.6,
126.8, 125.8, 125.5, 123.9, 123.6, 110.7, 55.2,BL.6. FT-IR (KBr, cil): 3050, 2963, 2853, 1251, 1980,
965, 807.

2.5.5 Synthesis of 1,4-bis(5-tert-butyl-2-methoyyg)-2,5-diethoxybenzenaVb)

The procedure used for the model compoMral(see above) was repeated for Mb with NaH (0.1048
mmol) in DMF (3 mL) andlb (0.269 g, 0.62 mmol) in DMF (3 mL). In this cabke solution turned to
reddish color. Therg (0.25 g, 1.30 mmol) in DMF (3 mL) was added. Yiel80 mg, 45%. mp: 145-146 °C.
'H NMR (CDCl) &: 7.55 (d, 2H,J = 2.3 Hz), 7.40 (s, 4H), 7.17 (dd, 284z 8.6 Hz,J = 2.3 Hz), 7.09 (s,
2H), 6.76 (d, 2HJ = 8.6 Hz), 4.05 (c, 4H]) = 6.9 Hz), 3.79 (s, 6H), 1.40 (t, 6Hs 6.6 Hz), 1.27 (s, 18H).
3C NMR (CDC}) &: 154.7, 151.0, 143.1, 127.5, 126.3, 125.1, 12®8,7, 123.5, 111.3, 110.5, 65.3, 55.5,
34.0, 31.3, 14.9. FT-IR (KBr, ch: 3060, 2962, 2866, 1248, 1053, 1032, 970, 810.

2.4.6 Synthesis of poly(2,2”" -dimethopydistyrylbenzene-5,5""-ylene)propylerieaj

To a solution ofia (0.500 g, 1.32 mmol) in a 1:1 mixture of THF anlB (6 mL) was added 60%
sodium hydride oil dispersion (95 mg, 3.96 mmoljiennitrogen atmosphere. After cooling the mixtiar®
°C, a solution 06 (0.413 g, 1.32 mmol) in 1:1 THF-DMF (6 mL) was adddrop wise, then the reaction
mixture was allowed to reach room temperature &ned for 12 h at the same temperature. Afterward,
solution of the end-capping agent diethyl phenyfpimnate (15 mg, 0.066 mmol) in 1:1 THF-DMF (1.0)mL
was added and the mixture was stirred for additiBria Benzaldehyde (14 mg, 0.132 mmol) in dry HEF
DMF (1.0 mL) was then added, the mixture was stioeernight. and then quenched with water (20 nmid. a
After neutralization with HCI| 35%, a yellow solidaw obtained. The obtained polymer was purified by
fractional precipitation from CHGImethanol. Yield: 150 mg, 32% NMR (CDC}) &: 7.51 (d, 2HJ) = 1.7
Hz), 7.48 (s, 2H), 7.44 (d, 2H,= 16.5 Hz), 7.07 (dd, 2d= 8.1 Hz,J= 1.7 Hz), 7.07 (d, 2H] = 16.5 Hz),
6.79 (d, 2H;J = 8.5 Hz), 3.85 (s, 3H), 1.72 (s, 3H)C NMR (CDCL, 5% DMF-d) &: 154.9, 142.8, 137.1,
128.6, 127.2, 126.6, 125.5, 124.7, 123.6, 110.8,53..8, 31.0. FT-IR (KBr, c): 2990, 2950, 2830, 1255,
1120, 1036, 966, 806.

2.5.7 Synthesis of Poly(2,2""-dimethoxy-2",2"-d@ti+p-distyrylbenzene-5,5"-ylene)propyleriehy.
The procedure used for polynméa (see above) was repeated Rtw. 1b (0.500 g, 0.92 mmol) in dry THF-
DMF 1:1 (7 mL), sodium hydride (0.066 g, 2.76 mm&I{0.287 g, 0.92 mmol) in 6 mL THF-DMF (1:1).



Diethyl phenylphosphonate (0.010 mg, 0.046 mmotrinTHF-DMF 1:1 (1.0 mL), benzaldehyde (0.010 g,
0.092 mmol) in dry THF-DMF 1:1 (1.0 mL). Yield: 184g, 43%H NMR (CDC}) &: 7.54 (d, 2HJ = 1.3
Hz), 7.12 (s, 2H), 7.42 (s, 4H), 7.07 (dd, 2H 8.7 Hz,J= 1.3 Hz), 6.79 (d, 2H] = 8.7 Hz), 4.07 (c, 4H] =
6.8 Hz), 3.85 (s, 3H), 1.72 (s, 3H), 1.42 (t, 6H; 6.8 Hz)."*C NMR (CDCk, 5% DMF-d) &: 154.9, 151.0,
142.9, 127.4, 126.9, 126.1, 124.9, 123.9, 123.8,211110.4, 65.3, 55.4, 41.8, 30.9, 14.9.FT-IR (KBri"):
3050, 2961, 2831, 1246, 1186, 1028, 973, 819.

3. Results and discussion
3.1 Synthesis

The synthetic routes used to obtain model compolvhdad polymers$ are shown in Scheme 1. First, the
bisphosphonate2a,b were prepared in almost quantitative yields frown ¢orresponding bischloromethylene
compoundda,b. Then, the synthesis of the monoaldeh3deas attempted using standard Vilsmeier-Haack
reaction conditions with 2 equivalents of P@i@IDMF, but to obtain only traces 8f However, the use of a
large excess of the reagent (1:20) and very loagtien times afforde@ in 67% vyield after chromatographic
purification. Finally, the model compounlsa andMb were synthesized by Wittig-Horner coupling between
3 and bisphosphonat@a and2b. A trans configuration was assigned to these meai@pounds byH NMR
and FTIR. ThusMa presents coupling constants of vinylic protohs.{ of ca. 16 Hz. In addition, botMa
andMb show intense bands in the 960 tregion which corresponds to the out-of-plane deédion band in
trans carbon-carbon double bonds. Due to the padogmance of the Vilsmeier route in the direct
diformylation of4, the key dialdehyde monomg&ffor copolymerization with the bisphosphonates imatead
obtained by chloromethylation followed by oxidatmith an overall yield of 75%.

Pa Pb

M JLM by xLM

9 8 7 6 5 4 3 2 1 0 L. 9 8 7 6 5

| *

’l’ 1 JL|4|1 . l

180 160 140 120 100 80 60 40 20 180 160 140 120 100 80 60 40 20
a) b)

Figure 1. a)*H(CDCl;) and**C NMR(CDC} with 5% DMF) spectra of polymé?a . b) *H(CDCl;) and**C
NMR(CDCl; with 5% DMF,) spectra of polymePb. * *C signal from either DMF or DMg.

The new segmented conjugated polyniasandPb with meta-linked bis(styrylarylene) units were
synthesized using the Wittig-Horner reaction wiiklgs of 30-60% after repeated reprecipitations. We



observed that the polymers precipitated in theti@acnedia when THF was used as solvent. In cantras
polymers obtained in THF:DMF (1:1) reaction mixsiremained soluble throughout the entire reaction
without precipitation or gel formation and consigte gave higher degrees of polymerizati@Pf).
Polymerizations were terminated by addition oftdggbenzylphosphonate and benzaldehyde as endrgappi
agents and the as-made polymers were purifieddayiénal reprecipitation from CH&methanol Pa andPb
were soluble in a variety of organic solvents IdCl;, CH,Cl,, DMF, toluene or THF despite the absence in
their backbone of solubilizing long chains. Gelmeation chromatography (GPC) indicated that redftiv
medium to high number average molecular weightewehievedHa, M, = 30.0 kDaM,/M,,= 2.1,DP, =
78;Mb, M, = 11.4 kDaM/M,, = 2.1,DP, = 23). The'H and"*C NMR spectra indicated that both polymErs
have high structural homogeneity with an all-trateseochemistry (Fig. 1). Polymd?a andPb showed
coupling constants afa. 16 Hz and an intense IR band=a@60 cn, that is, similar to those observed for
their corresponding model compounds

3.2. Morphology. Thermal and optical studies.

The new distyrylbenzene model compounds are higilyble light yellow powders. The DSC trace on
Fig. 2 ofMa showed a crystallization exotherm at 42 °C, a wgaks transition at 66 °C followed by a broad
melting that occurs in the 140-180 °C range, thaapproximately 100 °C lower than that of its lsituted
parent 1,4-bis[(E)-2-phenylvinyllbenzene (264-264 [46]. Ma shows strong supercooling of about 130 °C
before the broad transition around 46 °C sets e. odel compound with ethoxy substitueMs, presents
a supercooling of 90 °C and a more defined crystibn exotherm than that bfa (Table 1). Henceyib is
less prone to form disordered assemblies ManThus, the overall thermal behavior of model couomuts
can be traced to the presence of bulky t-butyl gsauhich are known to hinder crystallization in
bis(styryl)arylenes [29]. Although bulk sampleshb& andM b do not give kinetically stable amorphous
phases, transparent homogeneous thin films, witkribss ranging from 20 to 200 nm, casted from
chloroform solutions were suitable for optical megasents.
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Figure 2. DSC traces of model compoukth andMb and polymer$a andPb.

Furthermore, thicker films remained transparenhwib birefringence detected by POM observations eve
after several weeks. According to evidence from R8G POM experiments polymePa andPb are



amorphous; their DSC traces registered at a termysereange between 50 and 300 °C showed only distin
glass transitions and no melting transitions wereé upon heating beyond the glass transition tesmtpe
(Table 1 and Fig. 2). Moreover, birefringent tegimwere not observed either fa or Pb duringPOM
experiments carried out in the same temperatugerddoth polymers easily gave smooth thin filmge@en
quartz plates. These findings are consistent withcarrent thinking that the forced angular disposiof the
gem-chromophores linked by a single sp3-carbon &tdmgs about highly distorted main chains that pam
ordering processes [2IThe twisted nature d?a is highlighted by the HF-3¢c molecular model of tagamer
shown in Fig. 3a.

The macroscopic information from DSC and POM analyss coupled with the results acquired using
spectroscopic methods which can provide informagioout local ordering of the chromophores. Thecapti
absorption is a highly localized process which damthe entire diversity of absorbing species withie
film, and as such it indicates disorder much mbhestemission will. On the contrary, excitationsalsu
move across the chromophoric assembly by resorerergy transfer processes to finally emit fromssite
which the energy of the excited state is smaltbstefore emission usually occurs from a singleigse This
delocalization is also relevant for our sensingligtsi because exciton migration boost its interactigh
guenchers thus improving detection sensitivity.réfare, bearing in mind both film characterizatand
sensing applications, energy migration in the fiins was evaluated by fluorescence depolarization
measurements which yielded low residual valueb@fsteady-state anisotropy in the range of <r>05 0.
0.09 (Table 1), thus indicating good exciton maypilh model compounds! as well as in polymerB.

b) c)

Figure 3. a) HF-3c relaxed geometry of a tetramePaf the isopropylidene linking group and
the two end-capping t-butyl groups are shown irchl®) A representation of a herringbone H-
arrangement oMa is shown in a side view (left) and a front vieugkit). b) A representation
of a J-arrangement & b is shown in a side view (left) and front view (rty



Table 1. Thermal and photophysical properties oflehaompoundvia,b and polymer®a,b.

DSC Abs. Fluo.
Tg Tm, Tc medid A max fhme A max fwhm' S9 Nt
Az, A Ei, B
Ma 66 178, 46(broad) CHCl; 310,369 4810 416,439 3120 3060 -
film 313,383,414 8540 437,462, 492 2650 1270 0.064
Pa 175 - CHCl; 312,364 7580 422,444, 468 3200 3780 -
film 317,378 7550 427,452 4410 2930 0.069
Mb - 189, 99(broad) CHCl; 319,391 4470 453, 481 2500 3500 -
film 368,422, 468 10930 513 2650 1870 0.055
Pb 155 - CHCl; 318,394 4860 458, 483, 526 2430 3550 -
film 328,400 6630 524 2780 5920 0.087

 Determined by DSC at scan rates of 5 °C/min, inTC= Glass transition temperature and Tm = mgltémperature
from second heating cycle, Tc = crystallization pemature from first cooling cycle.

®Measured from dilute CHgbolutions and pristine thin films.

‘Absorption maxima measured in dilute CH6blutions and on films, bold data indicate theanaeaks.

Full width at half-maximum of the absorption barislscni?).

*Emission maxima measured in dilute Cki€blutions and on films. Bold data indicate the angieaks.

"Full width at half-maximum of the fluorescence bsuith cn').

9Stokes shifts in dilute CHgbolutions and on filmsig; - A oy in cmib).

"Average anisotropy measured in thin films in anssioin range of 60 nm around MRxem

Optical studies in distyrylbenzenes have been nesful in characterizing their polymorphism in doli
state [29]. In particular, comparison of the santand solid state optical data often provide imsigto the
multiple environments that could be present ingbi@ state. Shown in Fig. 4 are the normalized \i8/and
fluorescence spectra bfa, Mb, Pa andPb in solutions and thin films. The absorption andssion data is
listed in Table 1. Fig. 4a compares the absor@imhemission spectra of the model compoMredand
polymerPa in dilute chloroform solution. Same data is présdrdorMb andPb in Fig. 4b. Thenaxima,
vibronic structure with a prominent;Absorption transition peak and two distinct emis¢iands, Eand g,
full width at half-maximum (FWHM) of the absorpti@amd fluorescence bands and stokes shiftd @ind
Pa on one side anillb andPb on the other are quite similar in solution (sedalable 1), thereby arguing for
the effective electronic isolation of gem-chromogdsoby isopropyl groups in the polymer main cHah23.
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Figure 4. a) Absorption (left) and emission (right) spectt&ICk solutions of aMa andPa and b)
Mb andPb. Pristine (A), annealed (B) and aged (C) thin $ilaf b)Ma, d)Mb, e)Pa and f)Pb.

Spectra in the solid state were recorded peridglif@m the pristine films, then after mild annewagiat 50
°C for 3 h under vacuum, and finally after anneafiorg?2 h under nitrogen at 10C in the case of the model
compounds and at 18C for the polymers. Spectra were also recorded tf@ras-made films after an
extended storage period of 10 months at room testhyrer in the dark. In another experiment, the ipest
films were immersed in water while the spectrahefltydrated films were measured for up to 24 hdtigs.
4c and 4e illustrate the optical spectraMad andPa from pristine films (A) and after mild annealing50 °C
(B). No significant spectral variations were obsehbetween spectra recorded from films annealddllgiat
50°C and then at higher temperatures. The absorptidrilaorescent spectra of as-made fiim&/at andPa
show no distinctive differences against those latgm, in fact, they are only slightly red-shiftethese
bathochromic shifts appear to be due mainly tartbderate isotropic polarizability of a disordersdembly
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of chromophores similar to those observed in cémeorphous tert-butyl substituted DSBs [29,47]. The
spectral similarities indicate first the absencstodng interactions between neighboring chromoghor the
solid state and second that similar disorderednalsiées are bring about either by the bulky tertybgtoups
present irMa or the twisted main chain &a. Other common features shared\bg andPa films are that
annealing as well as water solvation caused oightstpectral variations. Although hydration smaattthe
vibronic pattern of emission thg,.x change very little, in facha{solution) = 439 nm: Anapristine) = 462
NM~ Amay(hydrated) = 439 nm fdvla andima{Solution) = 444 nm: Ama(pristine) = 449 nme: Ana(hydrated)

= 451 nm forPa. However, a blue-shift of the absorption and ateming in the emission were observed in
the aged films after a ten month storage period e C in Fig. 4c and 4e) which indicate that
modifications in molecular segmental arrangementgysshly occurred at room temperature leadingeiben
ordered domains within the overall amorphous filrttiss worth mentioning that, in DSB-type composnd
distinct blue-shifts of the main absorption band aroderate red-shifts in the emission band in g&io
solution to condensed phase are optical signatirdstype aggregation with edge-to-face arrangerént
parallel adjacent molecules [47]. This herringborganization prevents the strong intermolecularoniz
coupling between chromophores thatristacked H-aggregates leads to large red-shifteinex-like
emission spectra and to very low luminescence &ities. The spatial arrangements of two HF-3¢ géoase
of Ma depicted in Fig. 3b shows that the herringborgnatient could be accomplished for at least some of
the rotamers of DSB chromophores with two t-butglups in meta positions forming weak H-aggregates,
while it has been observed that this organizasorery difficult to achieve when there are fouuty groups
[29,48].

The EtO substitution in the central aromatic rimgduces in solution a modest ~ 30 nm red shiftotin b
absorption and emission spectravblh andPb against those dfl a andPa. However, this substitution brings
more pronounced modifications of the optical bebawi solid state. Thus, the absorption spectrum of a
pristine film ofMb is red-shifted against that in solution and shawdncrease in the A, ratio while the
emission spectrum presents an almost unstructuaned Wwith &\« shifted about 80 nm from the value
observed in solution and a decrease in tiE,Eatio (Table 1, Fig. 4d). Such variations in thgA& and the
E./E,ratios are usually attributed to an increase ineqwbr order [49]. The large broadening of the
absorption band points to the formation of aggregjat the pristine films while the unstructured and
moderately red shifted emission band suggest thitségon comes mainly from weak H-aggregates sinlar
those observed iMa. The shape of the emission bandvd is highly dependent on the casting conditions,
type of substrate and temperature. Moreover ribtgeable in Fig. 4d the small Stoke’s shift duéhe
increased AA, ratio and red-shift of the absorption and the {dhbifted emission observed after annealing,
which produced a vibronically structured emissiathw,,.x at 481 nm and shoulders at 454 and 509 nm.
Therefore, after mild annealing the films modifibeir spectral features which then resemble marsety
the ones observed in alkoxy co-substituted DSBadgregates organized in a J-type disposition which
consists in the slip-stacked parallel alignmemeifjhboring chromophores [29,48]. Such spatial mizgdion
is illustrated in Fig. 3c for a chromophore J-aggte formed from two HF-3c geometrieshb. Indeed, the
same blue shift of the emission band can alsodhgcied by immersing the pristine film in water. Adtlgh
the diffusion of water molecules into a film usydticreases molecular reorientations as well aptitarity
of the excited state environment, more probably hie shift is originated from a morphological
modification that change the population ratio & @mitters from H- to J-aggregates due to increased
rotational and conformational mobility since thensaoptical shift was brought about by the thermal
treatment. On the other hand, and in contrast Mi#hthe long term storage do not seems to increase o
order already present Mb films, as the absorption and emission spectrategid after 10 months are
similar to those obtained from pristine films (isbiown). On the contrary, absorption spectra ofipadilms
of the amorphous polymé&b (Fig. 4f) closely follow the ones recorded in ¢#lsolution but they are
markedly different from those &fib recorded in solid state. Interestingly, no chariggke polymer
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absorption are produced by thermal treatments dratiypn. However, the unstructured red-shifted siois
band ofPb is similar to that observed Mb. So, although the absorption features suggesthiadocal order
in Pb is much reduced in comparison wittb, the nature of the low energy emission specidémth
compounds seems to be quite similar. Likewisetlibemal treatment dflb andPb films yield in both cases
a new blue-shifted structured emission bancha#80 nm with the coincident disappearance of tiggraal
band (see Fig. 4d and 4f). But, though the same-&lift occurred on hydration Mb films, the hydrated
films of Pb retained the ~ 530 nm original emission bandummary, thin films oMa andPa showed
closely related spectral features. But the EtO-sultisn enhances the interchromophoric electronic
interactions irMM b that can only be overcomeib by the contorted polymeric main chain. In additithre
EtO-substitution generates blue-shifted emittingcsgs whose fate depends on the structural capaiditye
material to retain the original arrangements inghistine film. The tendency of DSB moieties torfor
aggregates in the model compound and the flucafopearance of the emission band on the casting
conditions is greatly diminished by this polymeairchitecture. The isotropic disposition of chromogs in
polymer films is stabilized to such an extent tharmal annealing has no effect in increasing therall
order. Indeed, solutions and pristine, annealdd/drated thin films oPa showed similar absorption and
emission spectra. The same behavior is seen fotigod and pristine or hydrated films .

3.3. Fluorescence quenching studies with NACs in hydroxylic media

Next, the sensing properties of these DSB-mateniale evaluated since the morphological and optical
properties indicate that they could present goatbpeances as fluorescent sensing platforms.Tlaxlgte
state quenching experiments were performed indhe state on highly fluorescent thin films immedda a
hydroxylic solvent. This sensing configuration itwas interchange between the film and its bathiing o
mobile species (solvent and analytes) and thegeqent interactions of electronic nature with texs and
of cohesive character with the organic environmeiite film interior. The films were casted onto
dodecyltrichlorosilane, DTS, coated glass subsiratée have found previously that the insertion of a
monolayer of nonpolar aliphatic chains betweendttganic sensing layer and the glass substrate hwhic
largely reduce the solvent affinity for the surfaiceprove adhesion and the physico-mechanicallgtabf
the organic film [28]. Moreover, the presence & ttonpolar layer was decisive in producing traremar
films of Mb and, to a lesser degree M& which in general showed lesser tendency to foragap films.
Fluorescence control experiments on films of theleh@aompounds indicated that there was no leakage f
the film towards water media after 24 hours. Howgewereasing levels of fluorescence were obsemvede
solvating media when the films were immersed 30MeOH (1:1) or pure MeOH. No leakage was detected
for the polymer films in KO, H,O/MeOH (1:1) mixture or plain MeOH. Pristine filnagere immersed in the
hydroxylic solvent and allowed to solvate prioréaord their steady-state fluorescence response to
increments in the concentration of various hydrbpkiie.: 4-nitrophenol, NP; 2,4-dinitrophenol, PN2,4,6-
trinitrophenol, TNP) and hydrophobic (i.e.: 4-ntsluene, NT, 2,4-dinitrotoluene, DNT; 2,4,6-trimtoluene,
TNT) nitroaromatics.

Fluorescence quenching was fast, complete andsibleeshowing that analytes diffuse easily into the
DSB-based films. The reversibility of the sensiagponse was studied by quenching-recovery expetsmen
Thus, a solvated film dPa was first exposed to a large concentration ofjthencher for about one minute
which was then removed with care and the film wedkéce with water. This procedure was repeate@setv
times. The fluorescence responses in the presewcatsence of the quencher plotted in Fig. 5a gshatthe
quenching of the fluorescence was a reversibleggscThus, even after six cycles the film showexa ne
complete quenching and fluorescence recovery. Speriment was repeated b though in this case
fluorescence was measured twice, first after ometlaen after five minutes (Fig. 5b). No further dese in
the fluorescence was observed at the longer tioedbrroborating that quenching was quick.
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Figure 5. a) Six continuous cycles of quenching-recovest té a film of Pa. The quenching was

measured after exposing the film to [TNF] = 1.4'M for ~ 1 min {edAem = 379/451 nm). b) Five

continuous cycles of quenching-recovery test oflra 6f Pb. The quenching was measured after

exposing the film to [TNF] = 3.2 70M for ~ 1 min and ~ 5 miri{,/Aem = 430/532 nm).

Fig. 6 displays the quenching of the emission spetbf thin films ofPa andPb in water upon addition
of microliter aliquots of NACs. The plots of theeBt-Volmer (S-V) equation, {l) -1 = Ksy [Q], for
fluorescence quenching are shown in Fig. 5a (irssed)Fig. 5b (inset). The S-V constang(Kand the values
of half of the maximum quenchsg, that is, the quencher concentration needed thrédl) - 1 = 1 of
polymer and model compounds are shown in Table 2.

R=0.996
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Ql/ M
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Fluorescence intensity (a.u.)
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Figure 6. a) Fluorescence spectra charige£ 379 nmi.n= 451 nm) of &a film as a function of
added TNP in water; [TNP] = 3.7 10 1.1 10" M (top to bottom). b) Fluorescence spectra change
(hex = 430 NMAem = 532 nm) of &b film as a function of added TNP in water; [TNPR5 10° —

2.6 10 M (top to bottom). The Stern-Volmer plots for fieear region are shown in the insets.

Linear S-V relationships (R 0.99) were observed model compound Bador most the NACs tested

even though only in the range ~20-30 to ~65-70%tuafescence quenchingb showed linear relationships
in narrower ranges with less satisfactory corretatioefficients (R> 0.98). A non-linear S-V relationship
with upward curvature usually occurred at the highred of quencher concentrations for the polymerg. (
6a) while the model compounds showed a more linehavior. The non-linear response observed as the
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analyte concentration increases is most probakigiuse of increasingly efficient quenching of migsan

excitons [2,28]

Table 2. Data analysis of Stern-Volmer plots and quenchiffigiencies

Quencher -1 Qso%aJ 1 Qs0%
Solvent , M Ksv, M
Q) fov UM sV UM
Ma Mb
TNP H,O 97900 9.9 80200 20
TNT H,O 17400 60 18100 63
Pa Pb
NP H,O 5920 170 - -
DNP H,O 41900 47 - -
TNP H,O 60900 34 12500 90
TNP MeOH 23200 37 11100 110
NT H,O 8500 120 - -
DNT H,O 3040 200 - -
TNT H,O b) 570 b) 1100
TNT MeOH 940 970 3540 640
3[Q] for (14/1) - 1 = 1.” Non-linear S-V relationships.
6 ®m Pa, TNP 6 ® Ma, TNP
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Figure 7. Stern-Volmer plots of polymers and model compauindesponse to TNP and TNT.

Since the development of small molecule fluoressensors is an intense field of research [50], ls@ a
tested the model compounds in the quenching stadiésheir quenching efficiencies were correlatét w
those of their parent polymers. All compounds egtethis study are much more sensitive to TNP tloan
TNT in aqueous media (see Fig. 7). It also wasdahatPa andM a showed higher overall quenching
efficiencies tharPb andMb despite the fact th&b andMb have better electron-donating capabilities
because of the diethoxy substitution. In fact,dfieiency ratio for TNP is @u,pa/ Qsosppr ~ 3 While for TNT
IS Qs006pa/ Qso0spp ~ 2. This outcome cannot be rationalized in termsl@étronic considerations based on the
accepted mechanism of fluorescence sensing of NA&Isonsists of the photo-induced electron transfe
from an electron-rich chromophore to an electrofiett NAC. Moreover, the results with a series of



quenchers with increased electron-deficiency amgradictory, while quenching efficiencies f@a increase
with the number of nitro group for the hydrophiticrophenols (TNP > DNP > NP), the opposite was
observed with the hydrophobic nitrotoluenes (NTNTD> TNT). However, the presence of as least one
strongly electron accepting nitro group in the aatimring of the analyte was required to achievaeptable
guenching efficiencies of the emission of the etaetrich polymerPa. Thus, either the parent compounds
lacking nitro groups, i.e.: phenol and toluenethar diphenolic compounds such as hydroquinone,diQ,5-
dihydroxynaphtalene, DHN, which have two electronating groups produced only very slight negative
(toluene,phenol and HQ) or positive (DHN) resporngkgh were from two to three orders of magnitude
smaller than the one observed for TNP (see Figad@jitionally, we tested the responsdraffilms in
agueous media against other chemicals which areallyrfound in industrial wastewaters [51,52]. $ke
chemicals could act as interferents and alter ¢heation of NACs. It is therefore important to assthe
selectivity of these polymers toward NACs. No siigaint change ifPa fluorescence was detected by
exposition to micromolar quantities of several passinterferents (Fig. 8). Moreover, the same latk
response was observed towards milimolar quantifieenzene, toluene, DMF, NaCl, HCI and NaOH.

Figure 8. Fluorescence quenching efficiencies oF BNd several commonly found interferents
measured oRa thin films immersed in water.

Clearly, other factors affecting the fluorescenaerghing of the sensing layer exceed electronic
phenomena like the electron-donor and electrongaocabilities of the fluorophores/quencher pairs,
probably its morphology, the electrostatic intei@civith the analyte or the mobility of the excitstdtes
within the polymeric matrix. Thus, the quenchingpenses of the model compounds against TNP and TNT
were higher than those observed in the correspgrgbtymers, @u.p/Qsonm ~ 3-4 (Fig. 7b). Noteworthy,

Ma andMb show good response and comparable sensitivityrtssvBNT, indeed, their response were highly
linear and of similar magnitude; and the quenclgimgcentrations needed to reacli.£vere one order of
magnitude lower than those of the polymers.

On the other hand, the general trend igVvas not modified when MeOH was used instead oémiat
the quenching experiments®a andPb with TNP and TNT. Actually, upon solvent changevteOH
guenching efficiencies fdPa andPb against TNP were high and quite similar to thes®mrded in water
while their already poor efficiencies against TNScrkase ~70% fd?a and increased ~70% f&b. These
observations suggest that the solvent does notgptaypstantial role in modifying the quenching igbof
polymersPa andPb and that the dynamic interaction between thrempes, i. e., solvent, analyte and sensing
material, could in this case be reduced to binaahde-polymer interactions. The nature and extént
molecular interactions between two compounds cagvhiiated using the semi-empirical Hansen sotybili
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parameters (HSPs) [53]. Thus, the solubility patemdistanceR,, indicates the closeness in cohesive energy
densitiesced, between sensing material and NABs7= [4(8q.sm- 8anac)” + Op.sm—Spnac)” + Ghb.sm—

Snonnc)] M2 where the cohesive energy densities are expresse square of the total solubility parameter,
ced =82 =84 + 8, + dns’, Which is the sum of squares of the partial HSRIHe atomic dispersive
interactionsggy, permanent dipole molecular interactioys,and hydrogen-bonding interactiodg,.

Therefore, smalR, indicates high compatibility, that is, the clotiee HSP of two interacting species are, the
bigger the interaction. Hence, the HSPs of the incal@pounds and polymers were first calculatedgitie
Stefanis—Panayiotou group-contribution method [SHahd then the analyte-sensing material distaRges
were evaluated for TNP and TNT.

Table 3. Hansen solubility parameters, HSPs, alhb#ity arameter distanceRa.

Ra® Ra®
HSPs vs TNP vs TNT
5 5, B 5
Ma 21.4 2.4 5.9 223 19.4 16.9
Mb 215 5.3 5.0 22.7 17.0 14.0
Pa 22.9 7.3 3.0 24.2 16.4 12.3
Pb 22.9 9.9 3.0 25.1 14.4 9.9

a) Calculated using the HSPs for TNP y TNT from 28

Interestingly,Ra values shown in Table 3 indicate that affinityttod sensing materials with hydrophilic
TNP increase in the ordéta <Mb < Pa < Pb, however, the quenching efficiency of TNP, evaddaby their
Qso0 Values, increase in the opposite seisa > Mb > Pa > Pb. The same trend was observed withRae
and Qoin the case of the hydrophobic TNT. We have replostmilar observations regarding two segmented
conjugated polymers, one bearing non-polar aliptgtie chains and another with polar oxyethylede si
chains [28]. It is relevant at this point to stragain the fast, complete (> 90%) and reversibleraaof the
guenching process (see Fig. 5). These observatiditate that equilibrium between the concentration
solution and inside the sensing layer is reachpidiisabetween successive additions of the quendheras
also inferred that the mobility of the excited speavas comparable in these DSB compounds (Tabol)
it seems that the kinetic effects due to analyffeision inside the film or excited states toward tjuencher
cannot to be held responsible for the observeditiequenching efficiencies. The interplay of mallec
affinity and morphology could be determining theegohing efficiencies. Although it is not yet clegrich
are indeed the factors determining that the semagigrial turns out to be more sensitive when fheity
with the analytes is lower, this observation cduddturned into a useful criteria that could helphia
designing of fluorescent sensors along with othkeselectron donor capacity, amorphous morphology
microporosity.

4. Conclusions

The Wittig-Horner reaction was employed to synthesiew segmented conjugated polymers showing good
molecular weights, structural regularity and saatprocessability despite the absence of solubgizide
chains. The same synthetic route was used to ofbigiincorresponding model compounds. The
morphological studies based on DSC and POM anabydislk samples of the model compound and
polymers were complemented with the results acquising spectroscopic methods on thin films. They
showed that the amorphous matrix in the thin fibmstained varying amounts of H- and J-type aggesgat
whose appearance depend on the thermal histonyg agid solvation. Thus, pristine thin filmsiMf andPa
showed closely related spectral features. But tRedtibstitution enhanced the interchromophorictededc
interactions irM b that could only be overcome b by the contorted polymeric main chain. The tenglasic
DSB moieties to form aggregates in the model comgswand the fluctuating behavior of the emissiamiba
in Mb on the casting conditions, thermal history andagibn is greatly diminished by the polymeric
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architecture. The isotropic disposition of chromoas in polymer films is stabilized to such an ektbat
thermal annealing has no effect in increasing trezall order. Pristine, annealed or hydrated thimg of Pa
showed similar optical features and the same behaas seen for and pristine or hydrated film®lof

Fluorescence quenching by nitroaromatic analytesfast and reversible pointing to a rapid and easy
diffusion of analytes into the DSB-based polymén$. The quenching response to nitrophenols wasrgip
to that against nitrotoluend3a andM a showed higher overall quenching efficiencies tRarandM b
despite the fact th&b andMb have better electron-donating capabilities. Theeefthe EtO substitution was
detrimental to the amorphous morphology and itraitlincrease sensitivity to NACs. Though it was not
anticipated, the sensing abilities of model compisurere higher than those displayed by their parent
polymers, however, their thin films are mechanicatable only in plain water, while the casting of
transparent thin films and control of the amounagdregates was much more difficult than in the cdithe
corresponding polymers. Quenching efficiencieRaandPb were not modified when MeOH was used
instead of water. Thus, in this case the solveasdmt play a substantial role in modifying thergteng
ability. Moreover, phenol and diphenols as weltasimonly found interferents showed negligible efem
the fluorescence emissioné. Finally, the molecular interactions between atesyand sensing materials
were evaluated by their solubility parameter distaR,. Interestingly Ra values indicate that the sensing
materials show higher responses when their affinitit the analytes is lower. This observation cdagdused
in the designing of fluorescent sensors along wiliers more like electron donor capacity, amorphous
morphology or material microporosity.
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Resear ch Highlights

Distyrylbenzene-based segmented conjugated polymers and model compounds were
synthesized

Aggregate formation in the amorphous matrix was impeded by the twisted polymeric chain

Fluorescence quenching by nitroaromatic aqueous solutions was fast, complete, reversible
and selective

Thin film guenching response to nitrophenols was superior to that against nitrotoluenes

Higher quenching responses were produced by lower analyte-sensing materias cohesive
interactions



