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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, 1H NMR and 19F 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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Experimental.
Materials. Initial monomers resorcinol (1, 99 %) and

DFB (2, 99 %) were purchased from Aldrich Chemical Co.
and used as received. Anhydrous potassium carbonate
(K2CO3, 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 %. 1H
NMR (CDCl3, 500 MHz, δ, 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 (t, J=8,2 Hz, terminal ArH),
7,34 (t, 2H, J1=7,7, J2=8,2 Hz, ArH). 19F NMR δ (CDCl3, 188,1
MHz, δ, ppm): -138,57 (d, 4F, J=24,3 Hz, ArF), -153,77 (d,
4F, J=16,1 Hz, ArF). FTIR ν (ñm-1): 982, 1003 (C–F), 1244
(Ph–O–Ph), 1485 (Ñ=Ñarom), 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–1. 1H
and 19F NMR spectra were recorded with Bruker Avance
DRX 500 and Varian Mercury 200 spectrometers respec-
tively at room temperature in CDCl3. Chloroform was used
as an internal chemical shift reference for 1H NMR (7.25
ppm). For 19F NMR spectroscopy, fluorotrichlorometh-
ane was used as the internal standard. Intrinsic viscosity
[η] 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”1. 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”1 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, 1H NMR, and 19F NMR spectroscopic
data support the suggested structure of FAO–OH. Thus,
the FTIR spectrum shows peaks which correspond to C–
F, C–O–C, and Ñ=Ñarom groups (Fig. 1). The broad but
weak peak around 3450 cm-1 in the FTIR spectrum of the
FAO–OH indicates the presence of phenolic end groups.

All peaks in the 1H 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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protons of the olygoether FAO-OH backbone. Addition-
ally, the 1H 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 19F 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 Mn value of FAO–OH is 4000,
whereas the Mw/Mn 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 1H NMR analy-
sis. Thus, the numbers of repeat units of FAO–OH were
estimated from the 1H 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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polycondensation reaction.
Thermal properties of the resulting oligomer were in-

vestigated using DSC and TGA. DSC measurements re-
vealed the amorphous nature of the oligomer because no
melting endotherm peak is found from the DSC curves.
The glass transition (Tg), heat capacity (ÄCp) and glass
transition region (ÄTg) values of the FAO–OH are 115 °C,
0,131 J/(g·°C) and 6 °C, respectively. The oligomer has a
good thermal stability and exhibited a one-step pattern of
decomposition with a negligible weight loss up to approx-
imately 500 °C. The temperature of 5 % weight loss (T5%)
for FAO–OH is 550 °C, while value T10% is about 570 °C.

In a summary, we have developed synthetic route for a
novel meta-linked FAO with the hydroxyl end groups.
Optimal conditions for the reactive oligomeric compound
preparation were found and described. Note due to the
presence of high reactive phenoxide end groups, it is dif-
ficult enough to control accurately the molecular weight
of OH-terminated oligomer. The obtained oligomer has
excellent solubility in common organic solvents and ex-
hibited good thermal properties. The prepared hydroxyl-
terminated oligomer could be considered as a new build-
ing block for the synthesis of a wide range of fluorinated
multiblock copolymers. The presence of both nonfluori-
nated and fluorinated aromatic fragments in the obtained
fluorinated oligoether offers interesting opportunities for
further functionalization of such compounds (namely, cre-
ation of multifunctional cross-linked materials polymer
systems).
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ê³íöåâèìè ã³äðîêñèëüíèìè ãðóïàìè
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Ðåàêö³éíîçäàòí³ àðîìàòè÷í³ îë³ãîåòåðè ç ïåðôòîðàðîìàòè÷íèìè ôðàãìåíòàìè âèêëèêàþòü
âåëèêèé ³íòåðåñ ÿê åôåêòèâí³ áóä³âåëüí³ áëîêè äëÿ îòðèìàííÿ âîëîêîííî-îïòè÷íèõ ìàòåð³àë³â ç
íèçüêèìè îïòè÷íèìè âòðàòàìè òà ìåìáðàí ç âèñîêîþ ³îííîþ ïðîâ³äí³ñòþ. Çíà÷íèé ïðîãðåñ
äîñÿãíóòèé ó ñèíòåç³ ôòîðîâàíèõ â ÿäðî àðîìàòè÷íèõ îë³ãîìåð³â (ÔÀÎ) ç ê³íöåâèìè àòîìàìè
ôòîðó. Â òîé æå ÷àñ, âíàñë³äîê ïîá³÷íèõ ðåàêö³é, òàêèõ ÿê ðîçãàëóæåííÿ òà çøèâàííÿ, ìåòîäè
ñèíòåçó ÔÀÎ ç ê³íöåâèìè ã³äðîêñèëüíèìè ãðóïàìè ìàéæå íå ðîçðîáëåí³. Òîìó ðîçðîáêà ñïîñîá³â
ñèíòåçó çàçíà÷åíèõ îë³ãîìåð³â º âàæëèâèì çàâäàííÿì ïîë³ìåðíî¿ õ³ì³¿. Çàïðîïîíîâàíî åôåêòèâíèé
ñïîñ³á ñèíòåçó ïåðøîãî ïðåäñòàâíèêà ÔÀÎ, ùî îäíî÷àñíî ì³ñòèòü ê³íöåâ³ ã³äðîêñèëüí³ ãðóïè
òà ìåòà-çàì³ùåí³ ôðàãìåíòè. Òàêèé îë³ãîìåð ç ê³íöåâèìè ðåàêö³éíîçäàòíèìè ÎÍ-ãðóïàìè
îòðèìàíèé ïîë³êîíäåíñàö³ºþ äåêàôòîðá³ôåí³ëó ç ìîëüíèì íàäëèøêîì ðåçîðöèíó. Áóäîâà
ñèíòåçîâàíîãî îë³ãîìåðó äîñë³äæåíà ìåòîäàìè ²×-, 1Í- òà 19F ßÌÐ-ñïåêòðîñêîï³¿.
Îõàðàêòåðèçîâàíî ìîëåêóëÿðíî-ìàñîâ³ òà òåðì³÷í³ âëàñòèâîñò³ îòðèìàíîãî ôòîðîâàíîãî â
ÿäðî àðîìàòè÷íîãî îë³ãîåòåðó.

Êëþ÷îâ³ ñëîâà: ðåàêö³éíîçäàòí³ îë³ãîìåðè, ôòîðîâàí³ àðîìàòè÷í³ îë³ãîìåðè, ñèíòåç, âëàñòèâîñò³, ìåòà-
ôðàãìåíòè.

Ñèíòåç ìåòà-çàìåùåííîãî ôòîðèðîâàííîãî àðîìàòè÷åñêîãî îëèãîýôèðà
ñ êîíöåâûìè ãèäðîêñèëüíûìè ãðóïïàìè

È.Ì. Òêà÷åíêî, ß.Ë. Êîáçàðü, Î.Â. Øåêåðà, Â.Â. Øåâ÷åíêî

Èíñòèòóò õèìèè âûñîêîìîëåêóëÿðíûõ ñîåäèíåíèé ÍÀÍ Óêðàèíû
48, Õàðüêîâñêîå øîññå, Êèåâ, 02160, Óêðàèíà

Ðåàêöèîííîñïîñîáíûå àðîìàòè÷åñêèå îëèãîýôèðû ñ ïåðôòîðàðîìàòè÷åñêèìè ôðàãìåíòàìè
âûçûâàþò áîëüøîé èíòåðåñ êàê ýôôåêòèâíûå ñòðîèòåëüíûå áëîêè äëÿ ïîëó÷åíèÿ âîëîêîííî-
îïòè÷åñêèõ ìàòåðèàëîâ ñ íèçêèìè îïòè÷åñêèìè ïîòåðÿìè è ìåìáðàí ñ âûñîêîé èîííîé
ïðîâîäèìîñòüþ. Çíà÷èòåëüíûé ïðîãðåññ äîñòèãíóò â ñèíòåçå ôòîðèðîâàííûõ â ÿäðî
àðîìàòè÷åñêèõ îëèãîìåðîâ (ÔÀÎ) ñ êîíöåâûìè àòîìàìè ôòîðà. Â òîæå âðåìÿ, âñëåäñòâèå
ïîáî÷íûõ ðåàêöèé, òàêèõ êàê ðàçâåòâëåíèå è ñøèâàíèå, ìåòîäû ñèíòåçà ÔÀÎ ñ êîíöåâûìè
ãèäðîêñèëüíûìè ãðóïïàìè ïî÷òè íå ðàçðàáîòàíû. Ïîýòîìó ðàçðàáîòêà ñïîñîáîâ ñèíòåçà
óêàçàííûõ îëèãîìåðîâ ÿâëÿåòñÿ âàæíîé çàäà÷åé ïîëèìåðíîé õèìèè. Ïðåäëîæåí ýôôåêòèâíûé
ñïîñîá ñèíòåçà ïåðâîãî ïðåäñòàâèòåëÿ ÔÀÎ, êîòîðûé îäíîâðåìåííî ñîäåðæèò êîíöåâûå
ãèäðîêñèëüíûå ãðóïïû è ìåòà-çàìåùåííûå ôðàãìåíòû. Òàêîé îëèãîìåð ñ êîíöåâûìè
ðåàêöèîííîñïîñîáíûìè ÎÍ-ãðóïïàìè ïîëó÷åí ïîëèêîíäåíñàöèåé äåêàôòîðáèôåíèëà ñ ìîëüíûì
èçáûòêîì ðåçîðöèíà. Ñòðîåíèå ñèíòåçèðîâàííîãî îëèãîìåðà èññëåäîâàíî ìåòîäàìè ÈÊ-, 1Í- è
19F ßÌÐ-ñïåêòðîñêîïèè. Èçó÷åíû ìîëåêóëÿðíî-ìàññîâûå è òåðìè÷åñêèå ñâîéñòâà ïîëó÷åííîãî
ôòîðèðîâàííîãî â ÿäðî àðîìàòè÷åñêîãî îëèãîýôèðà.

Êëþ÷åâûå ñëîâà: ðåàêöèîííîñïîñîáíûå îëèãîìåðû, ôòîðèðîâàííûå àðîìàòè÷åñêèå îëèãîìåðû, ñèíòåç,
ñâîéñòâà, ìåòà-ôðàãìåíòû.


