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Abstract Partially conjugated monobenzo 18-crown-6 substituted oligo (p-phen-
ylenevinylene) (MB-OPV) was synthesized via Wittig route. Formation of the
oligomer was characterized by spectral (FTIR, 'H NMR, and B¢ NMR), elemental
and gel permeation chromatography analysis. The morphology of the oligomer film
of one-dimensional (1D) and three-dimensional (3D) architectures were observed
using atomic force microscopy. The oligomer showed excellent photoluminescence
(PL) of bluish green emission at shorter wavelength of 542 nm. Stability of the
polymer and glass transition temperature was determined by TGA/DSC. The
dielectric properties such as dielectric constant and loss factor for the oligomer have
also been studied with respect to change of frequency (50 Hz—5 MHz) and tem-
perature (30-90 °C). The value of dielectric constant decreased with increasing
frequency which indicates that the major contribution comes from orientation
polarization. The value of dielectric constant increased with increasing temperature
which is due to greater freedom of movement of the dipole molecular chains within
the oligomer at high temperature.

Keywords Phenylenevinylene oligomer - Monobenzo 18-crown-6 -
Photoluminescence - AFM - Dielectric properties

S. Karpagam - P. Sakthivel
Organic Chemistry Division, School of Advanced Sciences, VIT University,
Vellore, Tamil Nadu 632 014, India

S. Guhanathan (D)

Research and PG Department of Chemistry, Muthurangam Government Arts College
(Autonomous), Vellore, Tamil Nadu 632 002, India

e-mail: sai_gugan@yahoo.com

@ Springer



1024 Polym. Bull. (2012) 68:1023-1037

Introduction

Use of poly(para-phenylenevinylene) as active polymeric materials of interest in light
emitting diodes (LED) [1], plastic laser [2, 3], photovoltaic devices [4], light emitting
electrochemical cells (LEC) [5, 6], and optoelectronic applications. The discovery of
electroluminescence in PPV and conjugated polymers, such as poly(fluorine)s (PFs),
poly(phenylene)s (PPs), and their derivatives have been studied extensively [7—12].
Currently, PPV and its derivatives are most popular materials in LEDs. The most
commonly used substituent in PPV derivatives are alkoxy [13, 14], silyl [15, 16], and
phenyl groups [17-21]. But, crown ether substituted groups are rarely found, except in
the recent contributions from Babudri group [14]. According to them, crown ether
moiety into phenylenevinylene does not reduce its basic function, but endows some
new properties to the conjugated polymers.

Recently, the 2,3-disubstituted derivatives of PPV, which exhibit considerably
high performance, have attracted much interest owing to their ability to control the
electronic properties of PPV via steric interaction of the side-substituted groups
[13, 20, 21]. On the basis of all these studies, it is then postulated that PPV with
crown ether units in direct m-conjugation at the 2,3-position is expected to exhibit
new functional properties based on the electrical conductivity of the main chain and
the cation-binding ability of the crown ether cavity.

Dielectric properties provide information about the segmental mobility within a
polymer. The study of dielectric constant and dielectric loss, as a function of frequency is
one of the most convenient and sensitive methods of studying polymeric structure.
Conjugated polymers exhibit conducting or semiconducting properties indeed, and the
conducting and semiconducting polymers made up of conjugated polymers seem to be
suitable candidates due to their optical and electrical properties such as dielectric
constant, refractive index, impedance, permittivity, etc. These parameters carry valuable
information for optimizations of studied materials in technological applications. Among
these polymers, phenylenevinylene-based materials have emerged as one of the most
promising materials due to the easiness of its synthesis, its environmental stability, and
the possibility to modify with different groups [22]. In a previous report [23], we
investigated the optoelectronic properties for dibenzo functionalized phenylenevinylene
polymer system. There is no study reported on the dielectric relaxation behavior of
monobenzo 18-crown-6 binded PPV oligomer. Our intention of this investigation
involves the synthesis of PPV-substituted monobenzo 18-crown-6 ether units in direct 7
conjugation at the 2,3-position via Wittig route (MB-OPV, as shown in Scheme 1) and
analyzed the photoluminescence (PL) properties. Moreover, dielectric constant and
dielectric loss have been studied with respect to change of frequency and temperature.

Experimental
Materials

Monobenzo 18-crown-6, terephthalaldehyde, triphenylphosphine, paraformalde-
hyde has been purchased from Sigma Aldrich. Chloroform, n-butanol, acetonitrile,
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Scheme 1 Synthesis of MB-OPV

methanol, acetone, benzene, dioxane, and acetic acid were purchased from S.D.
Fine-Chem and solvents were purified as per standard procedures before use.

Characterization

UV, FTIR, and NMR spectra were recorded from Shimadzu-1601, Thermonicolet 330
(KBr), and JEOL-GSX-400 instruments, Elementar Vario El III, Carlo Erba 1108
system were used for elemental analysis. The exact molecular weight of the
phosphonium ylides (MB-PY) have been measured from JEOL GCMATE II GC-MS
under with high resolution data system. Maximum resolution is 6000 Daltons and
calibrated mass is 1500 Daltons. Gel permeation chromatography (GPC) was
recorded on a Shimadzu instrument system against polystyrene standard using
tetrahydrofuran (THF) as the eluent. PL studies were done by using fluorescence
spectrometer of Horiba Jobin yuon FLUOROLOG 3-11. Oligomer sample was
prepared for atomic force microscopy (AFM) study by 0.5 uM of MB-OPV in
chloroform deposited into silicon glass substrates and allowed to dry for 30 min at
room temperature. AFM was recorded under ambient conditions using VEECO CP2
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instrument. Si cantilever tips with a resonance frequency of approximately 300 kHz
and spring constant of about 40 nm ™' were used.

Measurement of dielectric properties

Dried and powdered MB-OPV pressed at 500 MPa into pellet of 0.83 mm thickness
(d) and 13 mm in diameter were used for the study of dielectric properties such as
dielectric constant and loss factor. The instrument HIOKI-3532.50 LCR Hi tester
model was used and the temperature range was fixed from ambient to 600 °C. The
pellet was coated with an electronic grade silver paste that acts as an electrode. The
dielectric constant is calculated from the recorded values of the capacitance (Cp)
obtained directly from the instrument at various temperatures 30-60 °C at a
frequency of 50 Hz—5 MHz using the equation,

Dielectric constant = Cp x d/A X e,

where &, permittivity of vacuum is 8.85 x 10~'? Farad/m and A the cross-sectional
area of the sample is 7r%, r is the radius of the sample pellet.

Methods

Synthesis of 2,3-(4,5-dibromomethylmonobenzo)-1,4,7,10,13,
16-hexaoxacyclooctadeca-2-ene (MBBC)

A solution of HBr in acetic acid (30 wt%, 15 ml) was slowly dropped into 1,4
dioxane (20 mL) containing monobenzo-18-crown-6 (5.92 g, 19.0 mmol) and
paraformaldehyde (2.30 g, 76.6 mmol). The mixture was allowed to stir at 40 °C
for overnight. The resulting precipitate was thoroughly washed with 1,4-dioxane
and MeOH, to give colorless crystals of MBBC (6.05 g, 70%, mp 92 °C). '"H NMR
(CDCl;, ppm): 6.8 (2H, phenylene), 4.9 (4H, ArCH,Cl), 4.14 (4H,), 3.89 (4H,
ArOCH,CH,0), 3.74 (6H, OCCH,CH,0). '*C NMR (CDCls, ppm): 149, 129, 116,
71.3,70.6, 69.7, 68.9, 28.3. FTIR (KBr, cm™'): 1216 and 1263 (alkyl C-O-C), 1098
(aralkyl C-O-C), 1516 (phenyl nucleus), and 833 (CH,Br), Anal. Calcd for
CisHy6Br,0¢: C, 43.39; H, 5.26; O, 19.27; Found; C, 42.89; H, 5,15; O,18.89.

Synthesis of 2,3-(4,5-bis(triphenylphosphonium ethyl)monobenzo)-1,
4,7,10,13,16-hexaoxacyclooctadeca-2-enedichloride (MB-PY)

MBBC (1.99 g, 4.6 mmol) and triphenylphosphine (2.8 g, 10.2 mmol) was
dissolved together in acetonitrile (20 mL). The solution was stirred constantly for
overnight at 40 °C. The resulting colorless precipitate was recrystallized from
toluene—methanol mixture to yield MB-PY (3.4 g, 76%, mp 168 °C). '"H NMR
(CDCl;, ppm): 7.4-7.7 (30H, PhsP"CH,) 6.8 (2H, phenylene), 5.5 (4H,
ArCH,PPhj3), 3.64.2 (20H, CH,O in crown ether ring). 13C NMR (CDCls, ppm):
140, 135, 130, 119.3, 118.6, 117.7, 70.9, 68.8, and 30.3. FTIR (KBr, cm™'): 1117
(alkyl C-O-C), 1262 (aralkyl C-O-C), 1434, 1474, 1588 (phenyl nucleus), 748
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(C-P), 693 (C-Br), 490 (P-Br). HRMS calculated for Cs;HssBr,OgPs (m/z) =
1435.2170, found 1435.6163.

Synthesis of oligo-(4,5-(monobenzo-18-crown-6) vinylene-1,
4-phenylene-vinylene) (MB-OPV)

Wittig reaction Equimolar amounts of the bisphosphonium salt (MB-PY) (1.02 g,
1.0 mmol) and terephthalaldehyde (0.137 g, 1.0 mmol) were dissolved in a mixture
of absolute ethanol and dry chloroform (12 mL, 3 + 1 v/v) under N, atmosphere.
Then, a pre-determined amount of sodium methoxide (25 wt% in methanol,
0.651 mL, 2.8 mmol) was added and the resulting red solution was stirred at 50 °C
overnight. Precipitation in methanol gave yellow oligomer, which was re-
precipitated from dichloromethane-methanol. This was further reacted with
catalytic quantity of I, at 70 °C. Formed isomerized oligomer (MB-OPV) was
purified by precipitation in methanol (0.31 g, 71%). 'H NMR (CDCls, ppm):
7.4-7.6 (4H, 1,4-phenylene), 7.8 (4H, vinylene), 6.8 (2H, benzocrown), 3.4-4.2
(20H, CH,O in crown ether ring), *C NMR (CDCls, ppm): 61, 70 (CH, of crown
ether), 100, 131, 137 (phenyl carbons). 132,133 (phenylene and vinylene), 128 (1,4
disubstituted benzene). FTIR (KBr, cmfl): 1109 (alkyl C-0O-C), 1265 (aralkyl
C-0-C), 1494 1596 (phenyl nucleus), 961 (C=C), anal. caled for C,sH30O¢:
(C. 70.56%; H, 7.74%; O, 21.69%); found; C, 70.18%; H, 7.08%; O, 22.08.

Results and discussion

Crown ether with phenylenevinylene oligomer (MB-OPV) can be synthesized in
different ways via Gilch or sulfonium precursor route [24-26] and Wittig route [27].
Former finds difficulty of synthesis whereas Wittig was found to be easy perhaps with
lesser yield. Dibromomethyl monobenzo 18-crown-6 (MBBC) intermediate was first
prepared by bromo methylation of monobenzo 18-crown-6 and then quantitatively
transformed into the phosphonium ylide which was subjected to various experimental
conditions to get the final product of MB-OPV oligomer. These oligomer is
highly soluble in common solvents such as THF, chloroform, methylene chloride,
1,2-dichloroethane, and DMF. The synthetic procedure is given in Scheme 1.

Synthesis of MBBC

Dibromomethyl monobenzo 18-crown-6 (MBBC) intermediate has been synthe-
sized from monobenzo 18-crown-6 with HBr in an overall yield of 70%. The
presence of bands at 833, 1516 cm ™' in IR spectrum clearly indicated the functional
groups like C-Br and phenyl nucleus. Furthermore, IR spectra of the oligomer
showed the alkyl C—O—C and aralkyl C—O—C bands at 1261 and 1098 cm™". This
fact was further confirmed by appearance of signals at 3.5-4.0 and 4.9 ppm (for
CH, protons attached to crown ether ring and bromo group) in "H NMR spectra and
singlet at 129-149 and 28.3 (for aromatic carbon and CH,—Br moiety) in 13C NMR
spectra. The results of the elemental analysis were in good agreement with the
theoretical value of the brominated compound (MBBC).
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Synthesis of MB-PY

Monobenzo 18-crown-6 phosphonium ylide (DB-PY) has been synthesized
(Scheme 1) from MBBC in the presence of triphenyl phosphine in an overall yield
of 76%. The structure of the DB-PY was confirmed by appearance of strong bands
at 748 and 490 cm™' (for C-P and P-Br str) in IR spectra, multiplet formed at
7.4-7.7 ppm for aromatic hydrogens of phosphonium salt (zwitter ion) in "H NMR
spectra. Methylene signal of 4.9 ppm shifted to 2.5 ppm (‘H NMR) and 28 ppm
shifted to 32 ppm ('>*C NMR) indicates methylene group attached with phospho-
nium salt was confirmed.

The molecular weight of the phosphonium salt from the HRMS spectrum was
found to have 1435.6163. This value was in good agreement with the theoretical
value 1435.2170.

Synthesis of MB-OPV

Through Wittig reaction, monomer MBBC was polymerized into the conjugated
MB-OPV by using terephthalaldehyde in the presence of NaOMe (Scheme 1). The
polymerization was performed in a mixture of dry chloroform and absolute ethanol
(1 4+ 3 v/v) to enhance the solubility of the ylid (zwitterion) and the resulting
material [28]. The crude polymer was purified by precipitation from methanol twice
and then MB-OPV was obtained as yellow solid with a yield of 71%. The purified
polymer was characterized by UV—Vis, FTIR, B¢ NMR, 'H NMR, elemental
analysis, GPC and analyzed the PL properties.

The final oligomer produced by the Wittig reaction was known to have a 65% cis
double bonds, which can be converted into the 91% trans linkages by adding
catalytic amount of iodine [29]. This was confirmed in the FTIR spectrum showed
the peaks at 961 cm ™' corresponding to an out-of-plane mode of the trans-vinylene
and a very weak absorption at around 852 cm ™! (cis-vinylene), suggesting that the
polymers in the configuration of trans-vinylene is predominant. This proves that the
vinylene double bond formation and consequently the polymerization reaction have
been successful. '*C NMR signals formed at 132 and 133 ppm corresponds to vinyl
carbons and phenyl carbons. In addition, existence of benzyl carbons and CH, of
crown ether formed at 100-137 and 70 ppm, appearance of 128 ppm confirmed the
vinylene group attached directly at para position of phenylene ring (1,4 position).
The oligomer showed that 'H NMR signals of vinyl protons and aromatic protons
were formed at 7.8 and 7.4-7.6 ppm. In addition, existence of crown ether ring and
benzyl hydrogens peak formed at 3.4—4.2 and 6.8 ppm. It can be noted the assigned
solution 'H and '>C NMR spectra given in Fig. 1a, b. The experimental elemental
analysis data (C, 70.18%; H, 7.08%; O, 22.08%) were agreed well with that
calculated (C. 70.56%; H, 7.74%; O, 21.69%) for C,sH300¢. Although, the weight
average molecular weight (M,,) was analyzed for MB-OPV from GPC measurement
was 3455 g mol~' and M, /M, is 1.60, which correspond to about 4.9 monomer
units on average, which is much lower than the crown ether containing PPV at 2,3
position (M, = 86,900) prepared by Liu et al. [26]. The reason behind that is the
Wittig product formed usually have low molecular weight and polydispersity index,
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Fig. 1 a '>C-NMR, b "H-NMR spectra of MB-OPV in CDCl,

which was supported by Winkler et al. [24] (M, = 3900) and Babudri et al. [14]
(M,, = 1880).

Thermal analysis

While the polymer LED devices operate at high voltages, the temperature of the
device will increase and also possible to loss of mechanical strength. Higher thermal
stability and glass transition temperature (7,) of the polymer must be needed to
satisfy these requirements in LED devices. Thermal analysis (TGA, DSC) is the
most favored techniques for ranking the thermal stability and T, of the synthesized
polymer. TGA spectra are presented in Fig. 2. The initial thermal decomposition
temperature (7,,s) begins at 352 °C. These polymers have better thermal stability
than that of phenylenevinylene copolymers reported elsewhere [30] because of the
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high C-O bond strength (1076 kJ/mol) of the crown ether side chains attached into
PPV system. The drastic decrease in weight was observed from 352 °C and reaches
to final thermal decomposition temperature (7;,,) at 536 °C. This may be due to the
degradation of the crown ether chain present in the polymers.

DSC thermogram for the oligomer is shown in Fig. 3. Glass transition
temperature of MB-OPV was exhibited (T,) at 95.8 °C. This temperature was
higher than linear copolymers reported elsewhere [31] which usually have
60-80 °C. Thus, high glass transition temperature of light emitting polymers is
favorable for longevity of device operation.
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Morphology analysis

The AFM technique provides the information about microscopic morphology of the
polymeric material. Figure 4 shows AFM images of the MB-OPV. It can be seen
that the spherical shape of the particles was found from the MB-OPV surface. From
the cross-section profiles of the oligomer, the shape and diameter of the domains
were approximately round and uniform diameter; it ranges from 153 to 200 nm.
AFM topography was also used to find out the average surface roughness (R,),
root mean square roughness (Ry) for the oligomer. It is clear from the Fig. 4 that
MB-OPV had good surface roughness. The RMS roughness were found to have
40 nm, which is higher than the unsubstituted PPV (0.9 nm) reported elsewhere
[32]. Increased surface roughness may be due to the presence of monobenzo crown

Fig. 4 AFM images of a, b spherical shaped structures, ¢, d 3D image surface profile, and e, f AFM
cross-section profiles for MB-OPV
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ether groups and also the lack of strong interaction between crown ether moieties
[33]. Feng et al. [33] also reported the positive correlation between the surface
morphology and glass transition temperature for the crown ether system. The similar
correlation was also observed in this investigation, which showed that the higher 7,
of the MB-OPV (95.8 °C) had more average surface roughness (148 nm).

Optical and photoluminescent properties

Figure 5a, b displays the absorption and PL spectra of the MB-OPYV in the CHCl;
solution. The synthesized MB-OPV showed the maximum absorption wavelength
(4 max) appeared at 380 nm, which is due to the n—n* electronic transition
associated with the m-conjugated polymer backbone. The well-known reported
polymer poly[2-methoxy-5-(2-ethylhexyloxy)-p-phenylenevinylene] (MEH-PPV)
showed the 4 max at 510 nm [34], which has red shifted compared to the present
MB-OPYV system. This is because of interrupting the n-electron delocalization of the
polymer main chain, resulting in the reduction of the n-conjugation length. In this
case, crown ether connected with ortho linkages of (p-phenylenevinylene), which
is more bent structure than that of the 4,5 dialkoxy substituted para linkages of
(p-phenylenevinylene) [35]. Consequently, the m-electron delocalization of the
polymer main chain was also interrupted by ortho linkages, yielding decrease of
conjugation length. The energy gap calculated from the edge of the absorption
spectrum (480 nm) was estimated to be 2.58 eV.

The PL spectra were recorded with an excitation wavelength corresponding to the
A max of the polymer. Bluish green PL is observed in the Fig. Sc. The emission of
MB-OPV was 542 nm. This was blue shifted about 38 nm when compared to MEH-
PPV system (580 nm) [34], which might be due to the crown ether attached in the
alternating PPV system. As a result, increase the band gap thus by decreasing the

25 (a) (b)

Intensity(arbitary units)

200 300 400 500 600 700

Wavelenth(nm)
Fig. 5 a UV-VIS and b PL spectra of MB-OPV in chloroform solution. ¢ PL. was observed under
UV-light illumination at 542 nm
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electron density of the conjugated main chain. The feature of this spectrum was
similar to alkoxy-substituted PPV system [36].

The ortho linkage of PPV also played important role in PL spectra. The measured
value of crown ether substituted ortho linked PPV were higher than para linked PPV
and lower than para linked PPV [35]. This is due to the hindrance in the packing of
the polymer chains. These results revealed that ortho linkage in the alternating
copolymer system interrupt the conjugation and interfere with the packing of the
polymer chains, which results in the formation of amorphous polymers for an
increased luminescence [37].

Electrical properties

Dielectric constant of a material is the ratio of its permittivity to the permittivity of
vacuum (&y). Figure 6 shows the variation of dielectric constant with frequency at
different temperatures (30-90 °C) for MB-OPV oligomer. It is evident that the
decrease in dielectric constant is very prominent at both low frequencies and at high
temperature. The decrease of dielectric constant with increasing frequency is the
expected behavior in most dielectric materials. This is due to dielectric relaxation
which is the cause of anomalous dispersion. The initial high value of dielectric
constant at relatively lower frequencies may be due to the contributions from space
charge polarization in the bulk material, structural defects, and electrode effects
[38]. At higher frequencies, the rotational motion of the polar molecules of
dielectric was not sufficiently rapid for the attainment of equilibrium with the field.
Hence, dielectric constant seems to be decreasing with increasing frequency [39].

Figure 7 shows the variation of dielectric constant with temperature at different
frequencies. The value of dielectric constant increases with temperature at fixed
frequency. At lower frequencies this effect is more prominent. The increase in
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Fig. 6 Variation of dielectric constant with frequency of MB-OPV
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Dielectric loss

Fig. 8 Variation of loss factor with frequency of MB-OPV

dielectric constant with temperature is due to the greater freedom of movement of
dipole molecular chain of oligomer. At lower temperature, as the dipoles are rigidly
fixed in the dielectric, the field cannot change the condition of dipoles. As the
temperature increases, the dipoles comparatively become free and they respond to
the applied electric field. Thus, polarization increased and hence dielectric constant
is also increased with the increase of temperature [40, 41].

Figure 8 shows the variation of dielectric loss factor with frequency at different
temperatures for MB-OPV oligomer. The value of dielectric loss decreases with the
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Fig. 9 Temperature dependence of dielectric loss at different frequencies for MB-OPV

increase of frequency at fixed temperature. The higher value of dielectric loss at low
frequency is due to the free charge motion within the materials. Figure 9 shows the
variation of dielectric loss factor with temperatures at different frequencies. The
dielectric loss factor increase with temperature, particularly at lower frequencies at
which dielectric loss due to chain motion of oligomer is more effective. At high
frequencies, however, the dielectric loss factor is low and remains more or less
constant with increasing temperature because the orientation polarization due to chain
motion of polymer cannot keep phase with the rapidly oscillating electric field [42].

Conclusions

Monobenzo 18-crown-6-based poly(phenylenevinylene) oligomer (MB-OPV) has
been successfully synthesized using Wittig reaction. Formation of the oligomer was
confirmed with FTIR, 'H NMR, 3¢ NMR spectral studies, GPC, and elemental
analysis. This oligomer showed good thermal stability and spherical shaped of the
particles, which was observed from AFM topography. Photoluminescent property of
the synthesized oligomer was investigated using UV-Vis and fluorescence
spectrometers. The results indicated that MB-OPV is considerably high photo
luminescent material which has unusual optoelectronic properties for electrolumi-
nescent applications. Frequency and temperature dependence of dielectric constant
and dielectric loss of MB-OPYV oligomer have been studied in the frequency range
of 50 Hz-5 MHz and the temperature range 30-90 °C. The experimental results
indicate that dielectric constant and dielectric loss decreased with increase of
frequency is due to the orientation polarization and increase in dielectric constant
with increase of temperature is due to greater freedom of movement of dipole
molecular chain of oligomer.

@ Springer



1036 Polym. Bull. (2012) 68:1023-1037

Acknowledgment We thank VIT University for providing laboratory facilities, VIT-TBI and SAIF-IIT
for recording spectral data.

References

10.
11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

. Burroughes JH, Bradley DDC, Brown AR, Marks RN, Mackay K, Friend RH (1990) Light-emitting

diodes based on conjugated polymers. Nature 347:539-541

. Tessler N, Denton GJ, Friend RH (1996) Lasing from conjugated-polymer microcavities. Science

382:695-697

. Hide F, Diaz-Garcia MA, Schwartz BJ, Andersson MR, Pei Q, Heeger AJ (1996) Semiconducting

polymers: a new class of solid materials. Science 273:1833-1836

. Granstrom M, Petritsch K, Arias AC, Lux A, Andersson MR, Friend RH (1998) Laminated fabri-

cation of polymeric photovoltaic diodes. Nature 395:257-260

. Pei Q, Yu G, Zhang C, Yang Y, Heeger AJ (1995) Polymer light-emitting electrochemical cells.

Science 269:1086—-1088

. Pei Q, Yang Y, Yu G, Zhang C, Heeger AJ (1996) Polymer light-emitting electrochemical cells: in

situ formation of light-emitting p—n junction. J Am Chem Soc 118(16):3922-3929

. Bernius MT, Inbasekaran M, O’Brien J, Wu WS (2000) Progress with light emitting polymers. Adv

Mater 12:1737-1750

. Mcgehee MD, Heeger AJ (2000) Semiconducting (conjugated) polymers as materials for solid state

lasers. Adv Mater 12:1655-1688

. Friend RH, Gymer RW, Holmes AB, Burroughes JH, Marks RN, Taliani CD, Bradley DC, Dos

Santos DA, Bredas JL, Logdlundh M, Salanec WR (1999) Electroluminescence in conjugated
polymers. Nature 397:121-128

Segura JL (1998) The chemistry of electroluminescent organic materials. Acta Polym 49:319-344
Kraft A, Grimsdale AC, Holmes AB (1998) Electroluminescent conjugated polymers-seeing poly-
mers in a new light. Angew Chem Int Ed 37:402-428

Cacialli F (1999) Conjugated and electroluminescent polymers. Curr Opin Colloid Interface Sci
4:159-164

Martin RE, Geneste F, Riehn R, Chuah BS, Cacialli F, Friend RH, Holmas AB (2000) Efficient blue-
green light emitting poly(1,4-phenylenevinylene) copolymers. Chem Commun 4:291-292

Babudri F, Cicco SR, Chiavarone L, Farinola GM, Lopez LC, Naso F, Scamaricio G (2000) Synthesis
and optical investigations of low molecular weight alkoxy substituted poly(phenylenevinylene)s.
J Mater Chem 10:1573-1579

Johansson DM, Srdanov G, Yu V, Theander M, Inganas O, Andersson MR (2000) Synthesis and
characterization of highly soluble phenyl-substituted poly(p-phenylenevinylenes). Macromolecules
33:2525-2529

Lee S, Jang B, Tsutsui T (2000) Highly soluble fluorenyl-substituted poly(1,4-phenylenevinylene) for
bright and efficient blue-green light-emitting diode. Chem Lett 10:1184—1185

. Chen ZK, Huang W, Wang H, Kang E, Chen BJ, Lee CS, Lee ST (2000) A family of electrolu-

minescent silyl-substituted poly(p-phenylenevinylene)s synthesis, characterization and structure-
property relationships. Macromolecules 33:9015-9025

Ahn T, Song S, Shim H (2000) Highly photoluminescent and blue-green electroluminescent poly-
mers: new silyl and alkoxy substituted poly(phenylenevinylene) related copolymers containing
carbazole of flourene groups. Macromolecules 33:6764-6771

Pei J, Yu W, Huang W, Heeger AJ (1999) Poly[2-(4’-decyloxylphenyl)-1,4-phenylenevinylene]: a
novel soluble phenyl-substituted poly(p-phenylenevinylene) derivative as electroluminescent mate-
rial. Chem Lett 10:1123-1124

Hsieh BR, Yu Y, Forsythe EW, Schaaf GM, Feld WA (1998) A new family of highly emissive
soluble poly(p-phenylenevinylene) derivatives. A step toward fully conjugated blue-emitting poly(p-
phenylenevinylenes). J Am Chem Soc 120:231-232

Wan WC, Antoniadis H, Choong VE, Razafitrimo H, Gao Y, Feld WA, Hsieh BR (1997) Halogen
precursor route to poly[(2,3-diphenyl p-phenylene)vinylene)] (DP-PPV): synthesis, photolumines-
cence, electroluminescence nd photoconductivity. Macromolecules 30:6567-6574

Nguyen TP, Tran VH (1995) Dielectric properties of poly(phenylenevinylene) thin films. Mater Sci
Eng B31:255-260

@ Springer



Polym. Bull. (2012) 68:1023-1037 1037

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.
37.
38.
39.
40.

41.
42.

Karpagam S, Guhanathan S, Sakthivel P (2010) Application of Wittig reactions in dibenzo 18-crown-
6 ether substituted phenylenevinylene oligomer-synthesis, photo luminescent and dielectric proper-
ties. J Appl Polym Sci 120:960-967

Winkler B, Dai L, Mau AWH (1999) Novel poly(p-phenylenevinylene) derivatives with oligo(eth-
ylene oxide) side chains: synthesis and pattern formation. Chem Mater 11:704-711

Yamazaki N, Imai Y (1983) Phase transfer catalyzed polycondensation of bishalomethyl aromatic
compounds. Polym J 15:905-909

Liu H, Wang S, Luo Y, Tang W, Yu G, Lin Li, Chen C, Liu Y, Xi Fu (2001) Synthesis and properties
of crown ether containing poly(phenylenevinylene). J Mater Chem 11:3063-3067

Winkler B, Mau AWH, Dai L (2000) Crown ether substituted phenylenevinylene oligomers: syn-
thesis and electroluminescent properties. Phys Chem Chem Phys 2:291-295

Yang Z, Sokolik I, Karasz FE (1993) A soluble blue-light emitting polymer. Macromolecules
26:1188-1190

Sonoda Y, Suzuki Y, Van Keuren E, Matsuda H (1996) Preparation and nonlinear optical properties
of poly(2,5-diheptyl 1,4 phenylenehexa-1,3,5-trienylene). Macromolecules 29:288-293

Yoon SJ, Samal S, Yoon T-H (2010) Synthesis and characterization of novel poly (2-methoxy-(5-(6'-
dimethylphosphonate)-hexyloxy)-1,4-phenylenevinylene-ran-2-methoxy-5-(2'-ethylhexyloxy)-1,4-
phenylenevinylene)s (MEH-PO-PPVs) and their tunable emission colors. Eur Polym J 46:2282-2289
Yang Z, Karasz FE, Geise NJ (1993) Intrinsically soluble copolymers with well defined alternating
substituted p-phenylenevinylene and ethylene oxide blocks. Macromolecules 26:6570-6575
Flueraru C, Schrader S, Zauls V, Motschmann H, Stiller B, Kiebooms R (2000) Ellipsometric and
atomic force microscopic investigations on poly(para-phenylenevinylene) and poly(phenyl quinox-
aline) thin films. Synth Met 111:603-606

Feng XS, Yan L-F, Wen J, Pan CY (2002) Synthesis and self assembly study of two armed polymers
containing crown ether core. Polymer 43:3131-3137

Burn PL, Kraft A, Baigent DR, Bradley DDC, Brown AR, Friend RH, Gymer RW, Holmes AB,
Jackson RW (1993) Chemical tuning of the electronic properties of poly(p-phenylenevinylene)-based
copolymers. J Am Chem Soc 115:10117-10124

Ahn T, Jang MS, Shim HK (1999) Blue electroluminescent polymers: control of conjugation length
by kink linkages and substituent in the poly(p-phenylenevinylene)-related copolymers. Macromol-
ecules 32:3279-3285

Xu B, Zhang J, Pan Y, Peng Z (1999) Syntheses and optical properties of poly(o-phenylenevinyl-
ene)s. Synth Met 107:47-51

Son S, Dodabalapur A, Lovinger AJ, Galvin ME (1995) Luminescence enhancement by the intro-
duction of disorder into poly(p-phenylenevinylene). Science 269:376-378

Grimsdale AC, Chan AL, Martin RE, Jokish PG, Holmes AB (2009) Synthesis of light-emitting
conjugated polymers for applications in electroluminescent devices. Chem Rev 109:897-1091
Chaudhry MA, Jonscher AK (1988) High-temperature dielectric properties of ruby mica perpen-
dicular to the cleavage planes. J] Mater Sci 23:208-216

Smyth CP (1955) Dielectric behavior and structure. McGraw Hill, New York, p 53

Frohlick H (1956) Theory of dielectrics. Oxford University press, Oxford, p 13

Akram M, Javed A, Rizvi TZ (2005) Dielectric properties of industrial polymer composite materials.
Turk J Phys 29:355-362

@ Springer



	Studies on monobenzo 18-crown-6-ether substituted phenylenevinylene oligomer: synthesis, photoluminescent, and dielectric properties
	Abstract
	Introduction
	Experimental
	Materials
	Characterization
	Measurement of dielectric properties
	Methods
	Synthesis of 2,3-(4,5-dibromomethylmonobenzo)-1,4,7,10,13, 16-hexaoxacyclooctadeca-2-ene (MBBC)
	Synthesis of 2,3-(4,5-bis(triphenylphosphonium ethyl)monobenzo)-1, 4,7,10,13,16-hexaoxacyclooctadeca-2-enedichloride (MB-PY)
	Synthesis of oligo-(4,5-(monobenzo-18-crown-6) vinylene-1, 4-phenylene-vinylene) (MB-OPV)
	Wittig reaction



	Results and discussion
	Synthesis of MBBC
	Synthesis of MB-PY
	Synthesis of MB-OPV
	Thermal analysis
	Morphology analysis
	Optical and photoluminescent properties
	Electrical properties

	Conclusions
	Acknowledgment
	References


