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Reactive aromatic oligoethers with perfluoroaromatic units attract much interest as efficient building
blocks for the construction low-loss optical waveguide materials and highly ion conductive membranes.
Significant progress has been made on the synthesis of fluorine-terminated oligo(arylene ether)s
(FAOs). Due to the side reactions as branching and crosslinking, hydroxyl-terminated FAOs are
significantly less developed therefore efficient strategies of synthesis mentioned oligomers are
paramount. In this work, the strategy to the synthesis of the hydroxyl-terminated FAO containing
meta-oxyphenylene fragments was proposed. This oligomer is the first example of meta-linked FAO
with reactive OH end-groups and was prepared by condensation polymerization of decafluorobiphenyl
and resorcinol, where an excess of resorcinol was used. The structure of the synthesized oligomer was
determined by Fourier transform infrared, 'H NMR and '°’F NMR spectroscopy techniques. The molecular

weight and thermal properties of the synthesized fluorinated oligo(arylene ether) were studied.

Keywords: reactive oligomers, fluorinated aromatic oligomers, synthesis, properties, meta-fragments.

Fluorinated poly(arylene ether)s (FPAEs) show vari-
ous excellent properties such as high thermal stability
and chemical resistance, good dimensional stability, low
dielectric constant and reduced friction coefficient, re-
fractive index, optical losses and moisture absorption [1—
3]. The main way of FPAEs synthesis is reaction nucle-
ophilic substitution of fluorine atom(s) in a perfluorinated
aromatic nucleus with a phenol-type hydroxyl group in
the presence of an alkali. The polycondensation of per-
fluoroaromatic monomers (decafluorobiphenyl (DFB),
hexafluorobenzene derivatives, etc.) with phenol-type
monomers of various structures provides a wide spec-
trum of FPAEs [4—6]. The application of fluorinated oligo-
meric compounds represents another efficient way to ob-
tain FPAEs [7-14].

Typically, in order to synthesize the fluorinated aro-
matic oligoethers (FAOs) an excess of core-fluorinated
monomers relative to phenol-type monomers are used [7—
12]. In contrast, the synthesis of FAOs with reactive OH
end-groups through using excess phenol-type monomers
are significantly less developed due to the side reactions
that lead to the formation of branched and cross-linked
structures [13, 14]. For these reasons very careful control
of reaction temperature and/or time is necessary for the
successful synthesis of hydroxyl-terminated oligomers.
Meanwhile, OH groups are important functional groups
which can participate in many reaction types.

Both perfluorophenyl rings end-capped and hydroxyl-
terminated FAOs are widely used as hydrophobic blocks
to prepare alternating hydrophilic-hydrophobic multiblock

(MB) copolymers [10-14]. The combination of microphase
separation in MB copolymers with self ordering occur-
ring on a molecular scale can provide interesting proper-
ties compared to random copolymers. The ionic-contain-
ing fluorinated MB copolymers have shown to be promis-
ing as proton or anion exchange membranes for fuel cells
[10-15]. The oligomer approach is the preferred method
for the production of the desired cross-linked FPAEs. For
this purpose, FAOs bearing cross-linkable groups at the
chain end have been synthesized. FPAEs based on cross-
linkable FAOs are mainly designed for low-loss polymer
optical waveguide devices as well as for proton-exchange
membranes with improved chemical resistance and oxida-
tive stability [7-9].

Our previous results demonstrated that meta-connect-
ing fluorinated polymers and, in particular FPAEs, pos-
sess enhanced solubility, thermal stability, optical and
mechanical properties [6, 16, 17]. In addition, meta-phe-
nylene rings of the polymers can be selectively and al-
most completely sulfonated under mild reaction condi-
tions [13]. To the best of our knowledge, there are no
reports on the FAOs, containing core-fluorinated units
along with meta-linked fragments in their structure.

Thus, here we demonstrate an evidently simple strat-
egy to prepare a novel hydroxyl-terminated fluorinated
aromatic oligoether containing meta-oxyphenylene frag-
ments from commercially available monomers DFB and
resorcinol. The molecular weight and thermal proper-
ties of the synthesized fluorinated oligo(arylene ether)
were thoroughly studied.
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Fig. 1. The schematic representation synthesis of FAO-OH oligomer

Experimental.

Materials. Initial monomers resorcinol (1, 99 %) and
DFB (2,99 %) were purchased from Aldrich Chemical Co.
and used as received. Anhydrous potassium carbonate
(K,CO,, 99+ %) was purchased from Acros Organic Inc
and dried at 120 °C for 24 h before used. All the organic
solvents were obtained from commercial sources and pu-
rified by conventional methods.

Synthesis of the hydroxyl-terminated fluorinated ar-
omatic oligoether (FAO-OH). A dry, 25 ml three-necked
flask equipped with an oil bath, a mechanical stirrer, a
cold water condenser, an argon inlet/outlet, and a ther-
mometer was charged with resorcinol 1 (0,200 g, 1,816
mmol), DFB 2 (0,506 g, 1,514 mmol), and 4,3 ml of dimeth-
ylacetamid (DMAc). After dissolving of the monomers,
anhydrous potassium carbonate (0,3 g, 2,179 mmol) was
added into the flask. The solution was then heated to 80
°C and stirred vigorously at this temperature for 1 h. After
cooling to room temperature, the solution was then poured
into 100 ml of methanol containing a few drops of glacial
acetic acid to precipitate the oligomer. The precipitate was
collected, dried, and dissolved in chloroform, filtered to
remove insoluble solid, and reprecipitated by adding the
solution dropwise into methanol. The separated oligomer
was dried in vacuo at 60 °C overnight. Yield 85 %. 'H
NMR (CDCl,, 500 MHz, &, ppm): 6,56 (s, terminal ArH—
OH), 6,61 (m, terminal ArH-OH), 6,80 (d, 2H, J=7,1 Hz,
ArH), 6,86 (s, 1H, ArH), 7,21 (¢, J=8,2 Hz, terminal ArH),
7,34 (t,2H,J=7,7,J,=8,2Hz, ArH). "FNMR 3(CDCl,, 188,1
MHz, &, ppm): -138,57 (d, 4F, J=24,3 Hz, ArF), -153,77 (d,
4F, J=16,1 Hz, ArF). FTIR v (cm™): 982, 1003 (C-F), 1244
(Ph—O-Ph), 1485 (C=C__ ), 1601 (Ph),2800-3000 (CH),
3200-3600 (OH).

Characterization and measurement.

Fourier transform infrared (FTIR) spectrum of the syn-
thesized oligomer was recorded with a TENSOR 37 spec-
trometer in the absorption region of 600-4000 cm™. 'H
and "F NMR spectra were recorded with Bruker Avance
DRX 500 and Varian Mercury 200 spectrometers respec-
tively at room temperature in CDCI,. Chloroform was used
as an internal chemical shift reference for 'H NMR (7.25
ppm). For F NMR spectroscopy, fluorotrichlorometh-
ane was used as the internal standard. Intrinsic viscosity
[ of oligomer solution was determined with an Ubbelo-
hde viscometer in dimethylformamide at 30 °C. Gel perme-
ation chromatography (GPC) of FAO was carried out us-
ing a Waters Breeze 1515 GPC system. Waters Styragel
columns with tetrahydrofuran (THF) as an eluent were

used in the study. Glass transition temperature was deter-
mined by differential scanning calorimetry (DSC) using
the second heating run with a TA Instruments Q-2000
apparatus (USA) at a heating rate of 20 K min™. The ther-
mo-oxidative destruction of oligomer was studied using
thermogravimetric analysis (TGA) with a TA Instruments
Q-50 apparatus (USA). A heating rate of 20 K min™ with a
temperature from 25 to 800 °C was applied.

Results and discussion.

The desired hydroxyl-terminated (namely, resorcinol-
terminated) oligomer (FAO—-OH) was prepared in good
yield from DFB (2) and an excess amount of resorcinol (1)
in DMAc in the presence of potassium carbonate as a
base (Fig. 1).

The repeating unit of the oligomer was targeted as
n=5 by controlling the molar ratio of DFB to resorcinol.
The oligomer FAO—OH was obtained at 80 °C for 1 h.
Note that an increase in the reaction temperature or an
extended reaction time at FAO—OH synthesis yields cross-
linked products. This result indicates that except the flu-
orine at para-site, the fluorine atoms at other sites of the
perfluorophenyl can also react under appropriate condi-
tions [6].

All the FTIR, '"H NMR, and ""F NMR spectroscopic
data support the suggested structure of FAO—OH. Thus,
the FTIR spectrum shows peaks which correspond to C—
F, C-0-C, and C=C___ groups (Fig. 1). The broad but
weak peak around 3450 cm™ in the FTIR spectrum of the
FAO-OH indicates the presence of phenolic end groups.

All peaks in the '"H NMR spectrum of representative
oligomer can be readily assigned (Fig. 3). The shifts be-
tween 6,75 and 7,40 ppm correspond to the aromatic
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Fig. 4. ”F NMR spectrum of FAO-OH

protons of the olygoether FAO-OH backbone. Addition-
ally, the "H NMR spectrum of the FAO—OH contains the
aromatic protons of the terminal benzene ring appeared at
6,54 and 7,23 ppm as relatively weak signals.

Two peaks were clearly detected in the '"F NMR spec-
trum of oligomer corresponding to ortho- and meta-fluori-
nes atoms of the perfluorinated biphenylene units to the
ether linkage (Figure 4).

The resulting oligomer is soluble in most common or-
ganic solvents and insoluble in methanol, benzene, and
n-hexane. The solubility of FAO—OH oligomer in THF
enabled investigation of their molecular mass distribu-
tion by GPC using polystyrene standards. According to
the GPC measurements, the M value of FAO-OH is 4000,
whereas the M /M _value is 2,2. The inherent viscosity of
the oligomer in DMAc is 0,14 dL/g, measured at 30 °C.

Based upon the integrating intensity of the sub-peaks
(the proton shifts of phenolic fragment) and the major
peaks, the degree of polymerization of the obtained oli-
gomer FAO—OH can be estimated using '"H NMR analy-
sis. Thus, the numbers of repeat units of FAO—OH were
estimated from the '"H NMR spectrum (n=8,1) and GPC
measurement (9,6), which were somewhat greater than
those expected from the feed monomer ratio (n=5). Evi-
dently, this is due to the fact that the free phenoxide end
groups remaining at the chain ends of FAO—OH can react
with the fluorine atoms of the octafluorobiphenylene
moieties along the oligomers chains, leading to further
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CuHTte3 Mema-3amMilieHOTO0 GPTOPOBAHOI0 AaPOMATHYHOIO OJIiroerepy 3
KiHIIeBUMHU TiAPOKCHJILHUMM TPyNaMHu

I.M. Tkauenxo, A.JI. Koozap, O.B. lllexepa, B.B. Illesuenko

[HCcTUTYT XiMiT BUCOKOMOIEKysipHUX crionyk HAH Yipainu
48, XapkiBchke moce, Kuis, 02160, Ykpaina

Pearyitinozoamui apomamuuni onicoemepu 3 nepomopapomamuinumu QpacmeHmamu 6UKIUKams
senuKuil inmepec sk egpexmusHi 0y0ienvbHi O10KU 0151 OMPUMAHHS 60JIOKOHHO-ONMUYHUX MAMEPIaliE 3
HU3LKUMU ONMUYHUMU 6MPAAMU A MEMOPAH 3 BUCOKOIO I0HHOIW NPOBIOHICMIO. SHAYHUL npocpec
docsicHymutl y cunmesi pmoposanux 6 10po apomamuunux onicomepie (PAO) 3 Kinyesumu amomamu
@mopy. B motl dce yac, BHACIOOK ROOIYHUX PeaKyill, MAKUX AK PO32ATLYIHCEHHS A 3ULUBAHHS, MEMOOU
cunmesy @AO 3 KinyeguMU 2IOPOKCUTLHUMU 2PYRAMU Matidice He po3pobaeni. Tomy po3pobka cnocobis
CUHME3Y 3A3HAYEHUX ONI2OMEPIB € BANCTIUBUM 3A60AHHIM NONIMEPHOT XIMiT. 3anpononosano eghexmusHull
cnocib cunmesy nepuioco npeocmasnuxka PAO, wo 00HOUACHO Micmumb KiHYyesi 2IOPOKCUNbHI 2pynu
ma mema-3amiwjeni ppaemenmu. Taxuil onicomep 3 Kinyesumu peaxyitinozoamuumu OH-epynamu
OMPUMAHUL NOAIKOHOEHCAyieo dexapmopbigheniny 3 MorvHUM Haoauwkom pezopyuty. byodosa
cunmes06ano2o onicomepy docuiodxcena memoodamu 14-, 'H- ma °F SAMP-cnekmpockonii.
Oxapaxmepu308ano MOIEKYIAPHO-MACOBL MA MEPMIYHI 8IACIMUBOCT OMPUMAHO20 (PMOPOBAHO2O &
A0PO APOMATMUYHO20 ORi20emep).

KurouoBi ciioBa: peaxiiiiHo3aTHi oniroMmepu, GTOpoBaHi apoMaTH4Hi OJITOMEPH, CUHTE3, BIACTHUBOCTI, Mema-
¢dparmMeHTH.

CuHTe3 Mema-3aMenlleHHOT0 (GTOPHPOBAHHOTO APOMATHYECKOI0 0JIMTod(pupa
C KOHIeBBIMH THAPOKCHJIbHBIMH TPyNNaMu

HU.M. Tkauenxo, A1.JI. Koo3aps, O.B. lllexepa, B.B. Illeeuenko

MHCTUTYT XMMHH BBICOKOMONEKYIISIpHBIX coeanHeHnnii HAH Ykpaunst
48, Xapoprosckoe mocce, Kues, 02160, Ykpanaa

Peaxyuonnocnocobuvie apomamuueckue oau203¢hupsl ¢ neppmopapomamuiecKumu Gpazmenmamu
8bI3b16AI0M OOLULOU UHMeEPEC KAK IPpexmusHbie cmpoumenbHsie O10KU 0N ROYUEHUsS. 60TOKOHHO-
ONMUYECKUX MAMEPUALOE C HUSKUMU ONMULECKUMU NOMEPAMU U MEMOPAH C 8bICOKOU UOHHOU
npoGOOUMOCbIO. 3HAYUMENbHbII npocpecc OOCMUZHYM 6 Cunmese (QmopuposanHvlx 8 A0po
apomamuyueckux onueomepos (PAO) ¢ konyesvimu amomamu ¢mopa. B mooce epems, ecredcmaue
NOOOUHBIX peaKyuil, MaKux Kak pazeemeneHue u cuusanue, memoovt cunmesa PAO c xounyesvimu
2UOPOKCUNLHBIMU 2PYRRaMu noumu He paspabomanvl. Tloosmomy paspabomka cnocobos cunmesa
VKA3AHHBIX OIUSOMEPO ABNIACMCS 8ANCHOU 3a0aueli noaumeprou xumuu. Ilpednodcen s¢pghexmugnbiil
cnocob cunmesa nepgozo npedcmasumens PAO, Komopwili 00HOBPEMEHHO COOEPAHCUM KOHYEGble
2UOPOKCUNbHBIE SPYNNbL U Mema-3amewennvie Qpazmenmul. Takoil onuzomep ¢ KOHYeSbIMU
peaxyuonunocnocobrvimu OH-2pynnamu nonyuen nonukonoencayuetl oekagpmopoughenuna ¢ MoTbHbIM
u36vImrom pesopyuna. Cmpoenue cuHme3upo8aHHo20 0aueomepa ucciedosano memooamu UK-, 'H- u
F SAMP-cnexmpockonuu. M3yueHbl MOREKYISAPHO-MACCOBbLE U MEPMUYECKUE CGOUCEA NOTYYEHHO20
@dmopuposanozo 6 A0Po ApoOMAMULECcKo20 OaU20IPUpa.

KiroueBble cj10Ba: peakIMOHHOCIOCOOHBIC OTUTOMEpPHI, (TOPHPOBAHHBIE APOMATHIECKHE OJIMTOMEPHI, CHHTE3,
CBOMCTBA, Mema-(pparMeHTHI.
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