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ABSTRACT: Polycondensation of 4-bis[2-(1-methylpyrrol-2-
yl)vinyl]-2,5-didodecyloxybenzene and squaric acid yielded the
polysquaraine SQ with two isomeric subunits1,3-addition
(zwitterionic) and 1,2-addition (diketonic) moietiesin the
main chain structure. The former featured a C−O/CO
infrared (IR) absorption frequency at 1622 cm−1; the latter, a
CO signal at 1716 cm−1. Traditional synthesis yielded SQ as
a powder with metallic luster that could not be cast as a
polymer film from solution. When the ionic liquid
[Oct3NMe][TfO] (IL) was present in the cosolvent of
BuOH and benzene (1:3), however, the resulting SQIx polymers (x = 0.01−5 wt %) did not precipitate from solution,
making it possible to cast continuous free-standing films with a large area (>1 × 1 cm2). A greater content of IL in the solution
favored the formation of the 1,3-addition zwitterionic subunits in the SQIx polymer main chains, thereby changing the physical
and optical properties of the polysquaraine, as evidenced in IR and optical absorption spectra. The features in the UV−Vis−NIR
absorption spectra of SQ and SQIx were dependent on the IL concentration and the nature of the solvent. Among our
synthesized SQIx polymers, SQI0.01 and SQI0.1 formed flexible free-standing films with metallic luster, smooth surfaces, and good
semiconductivities (2.27 × 10−5 and 4.74 × 10−5 S/cm, respectively). X-ray diffraction patterns revealed that the presence of IL
in the polymerization medium increased the SQIx interchain packing distance. SQI0.01 and SQI0.1 possessed thermal stabilities
comparable with that of SQ. Our successful use of IL in the preparation of SQIx polymers appears to have great potential for
application in ionic liquid−related organic or polymeric preparation and processing.

■ INTRODUCTION
Squaraines, zwitterionic dyes possessing donor/acceptor-type
resonance-stabilized structures, exhibit unique optoelectronic
properties.1−3 The combination of intramolecular charge
transfer through S0−S1 electronic excitation and extended π-
conjugated networks gives rise to squaraine dyes displaying
intense absorption bands extending from the visible to the near-
infrared (NIR) region.4,5 In general, larger π-conjugated
systems and stronger donor/acceptor interactions endow a
polymer with a lower optical band gap (Eg)

6 and intrinsic
semiconducting properties.7 Because of their unique optoelec-
tronic properties and intrinsic conductivity, NIR squaraine dyes
are used widely in a variety of electronic and photonic
materials, with applications in such fields as optical recording,8,9

solar cells,10,11 photodynamic therapy,12,13 laser printing,14 and
infrared (IR) photography.15

π-Conjugated squaraine dyes are functional materials with
tailorable optoelectronic and photophysical properties, which
can be tuned through structural modification to achieve optimal
performance. The properties of NIR low-Eg squaraines can be
modulated by modifying the π-conjugation length, the nature of

the donor/acceptor interactions,16,17 and the polycondensation
reaction conditions. The addition of metal ions in the reaction
solution can influence the ratio of the two isomeric repeating
units in the polysquaraine18 and the selectivity and sensitivity of
squaraine-based sensors.19−21 Metal ions also can influence the
conformations and photoabsorption spectra of polysquaraines
through reversible isomerization.22,23 Unfortunately, the low
solubility of polysquaraines (i.e., intrinsic aggregation) limits
their practical applications.24−26

Ionic liquids (ILs) are organic salts that usually have melting
points below 100 °C. Their melting points are much lower than
those of traditional inorganic salts because of the asymmetric
structures of the cations and the presence of bulky organic
groups, resulting in lower charge density and, in turn, weaker
ion pairing interactions.27,28 In addition, ILs also exhibit low
vapor pressures, nonvolatility, good thermal stabilities, high
ionic conductivities, and good solubilities in many organic and
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inorganic solvents.29,30 The solvation and solubility effects of
ILs can have favorable effects during chemical and material
processing.31 ILs have also been employed as key components
in dispersion media; for example, as solvents in polymer-
izations,32 steric stabilizers in organic dispersions,33,34 and
electrolytes for electrochemical polymerizations.35,36

For the purposes of easy processing and good free-standing
film quality, the methyltrioctylammonium trifluoromethanesul-
fonate, [Oct3NMe][TfO] (IL), has been used in the
preparation of bispyrrole-based polysquaraines (SQIx) and in
the casting of SQIx films. IL does not react with either of the
monomers during the polymerization leading to SQ polymers.
Ion−ion solvation interactions between IL and the SQIx chains
can lead to the stable dispersion of SQIx polymer chains in
solution, thereby decreasing their intrinsic tendency to
aggregate and precipitate. Here, we report the influence of IL
on the structures and physical properties of SQIx chains. We
used Fourier transform infrared (FTIR) and UV−vis−NIR
optical absorption spectrometry to characterize the SQIx
polymer chains and a four-point probe electrical measurement
device, scanning electron microscopy, X-ray diffraction (XRD),
and thermogravimetric analysis (TGA) to study their
morphological and physical properties.

■ EXPERIMENTAL SECTION
Materials and Measurements. All reagents were of analytical

reagent grade and used as received without further treatment.
Hydroquinone (99%, Sigma−Aldrich), 1-bromododecane (98.0%,
T.C.I.), K2CO3 (anhydrous, 99%, Alfa Aesar), formaldehyde (37%
solution, Tedia), AcOH (99.7%, Showa), HBr (33 wt % solution in
glacial AcOH, Acros), triethyl phosphite (97%, Sigma−Aldrich), N-
methylpyrrol-2-carboxaldehyde (98%, Aldrich), squaric acid (99%,
Acros), IL (99%, UR-MATOATS), NaH (60% dispersion in mineral
oil, Acros), NaCl (99.5%, Showa), MgSO4 (anhydrous, 99%, Showa),
MeCN (99.9%, Tedia), MeOH (99.9%, Echo), hexane (99.8%, Echo),
CHCl3 (99%, Sigma−Aldrich), tetrahydrofuran (THF, anhydrous,
99.9%, Tedia), CH2Cl2 (99.9%, Echo), butanol (99.9%, Echo), and
benzene (99.9%, Echo) were obtained from the indicated suppliers.
2,5-Bis(dodecyloxy)-1,4-dibenzyl phosphonate was prepared from 2,5-
bis(dodecyloxy)-1,4-bis(bromomethyl)benzene and triethyl phosphite
using a previously reported procedure.37

Analysis and Characterization. 1H and 13C NMR spectra were
recorded using a Varian Inova (500 MHz) spectrometer and CDCl3
solutions. Fast atom bombardment (FAB) mass spectra were recorded
using a MICROMASS TRIO-2000 mass spectrometer. FTIR spectra
were measured using KBr pellets on a Perkin−Elmer Spectrum 100
spectrometer. UV−Vis−NIR spectra were recorded using a Jasco V-
670 spectrophotometer. The specimens for UV−vis-NIR are prepared
by ultrasonically dissolving the formed films following with filtrating
(filter paper: pore size =3 μm). The filtrated solution and the
corresponding solubility are shown in Figure S5 and Table S1,

Supporting Information, respectively. Elemental analyses were
performed using a Heraeus CHN-O-RAPID elemental analyzer.
TGA curves are performed using a TGA Q500 analyzer, in N2

atmosphere (99.99%) and operated at a heating rate of 15 °C/min.
Powder XRD patterns were performed on a Bruker NanoStar SAXS
system (Cu Kα radiation). The electrical conductivities of the
polymers were measured using a four-point probe electrical measure-
ment device.

1,4-Bis[2-(1-methylpyrrol-2-yl)vinyl]-2,5-didodecyloxybenzene
(Bispyrrole). A N2-purged flask equipped with a reflux condenser was
charged with anhydrous THF (30 mL), NaH (40 mmol), 2,5-
bis(dodecyloxy)-1,4-dibenzyl phosphonate (1.8 mmol), and N-
methylpyrrole-2-carboxaldehyde (3.6 mmol). The mixture was heated
under reflux with stirring at 65 °C for 24 h.38 The dark-yellow solution
was concentrated through vacuum distillation; the residue was poured
into water and extracted with CH2Cl2. The organic layer was dried
(MgSO4) and concentrated to give a crude product, which was
purified chromatographically (hexane/EtOAc, 25:1) to yield a bright
yellow product (76%). 1H NMR (CDCl3): δ 7.15 (d, J = 16.5 Hz, 2H),
7.05 (d, J = 16.5 Hz, 2H), 6.98 (s, H), 6.63 (s, 2H), 6.49 (m, 2H), 6.15
(t, J = 2.5 Hz, 2H), 4.01 (t, J = 6.5 Hz, 4H), 3.70 (s, 6H), 1.84 (m,
4H), 1.52 (m, 4H), 1.26 (m, 32H), 0.88 (t, J = 7.0 Hz, 6H). 13C NMR
(CDCl3): δ 150.95, 132.88, 126.58, 123.44, 121.45, 117.53, 110.94,
108.24, 106.67, 104.99, 69.51, 34.22, 31.92, 29.68, 29.64, 29.50, 29.35,
26.31, 22.69, 14.12. IR (KBr) νmax: 2921, 2847, 1464, 1392, 1284,
1204, 1049, 966, 721 cm−1. FAB-MS m/z: calcd for C44H68N2O2 [M]
+, 656; found, 657.

Poly(bispyrrole-co-squaric acid) (SQ). A solution of bispyrrole
(0.08 mmol) and squaric acid (0.08 mmol) in butanol and benzene
(1:3, 30 mL) was heated under reflux at 120 °C for 24 h and then
cooled to room temperature and filtered. The filtrate was concentrated
through vacuum distillation and washed sequentially with hexane,
Et2O, and MeOH. The final product was dried in a vacuum oven at
100 °C for 24 h to yield a dark-green powder (70%). IR (KBr) νmax:
2924, 2853, 1716, 1622, 1439, 1347, 1278, 1088, 942 cm−1. Calcd for
(C48H66N2O4·H2O)n: C, 76.56; H, 9.10; N, 3.72; Found: C, 76.49; H,
8.85; N, 3.99.

Poly(bispyrrole-co-squaric acid) (SQIx). The polymers SQIx were
prepared in butanol/benzene mixed solvents in which IL was present
solvent at concentrations (x) in the range 0.01−5 wt %. Bispyrrole
(0.08 mmol) and squaric acid (0.08 mmol) in butanol and benzene
(1:3, 30 mL) were heated under reflux at 120 °C for 24 h. The
reaction mixture was cooled to room temperature and filtered to cast
thin film (drop casting method). The SQIx films were immersed in
MeOH to remove any remaining IL and then dried in a vacuum oven
at 100 °C for 24 h. SQI5 (5 wt %): powder film; IR (KBr) νmax: 2923,
2852, 1738, 1623, 1439, 1348, 1279, 1092, 944 cm−1. Anal. Calcd for
(C48H66N2O4·H2O)n: C, 76.56; H, 9.10; N, 3.72. Found: C, 76.48; H,
9.18; N, 3.24. SQI1 (1 wt %): powder film; IR (KBr) νmax: 2920, 2850,
1736, 1622, 1438, 1347, 1277, 1089, 942 cm−1. SQI0.1 (0.1 wt %):
metallic luster film; IR (KBr) νmax: 2920, 2850, 1736, 1620, 1436,
1345, 1272, 1089, 940 cm−1. SQI0.01 (0.01 wt %): metallic luster film;
IR (KBr) νmax: 2920, 2850, 1735, 1620, 1436, 1345, 1274, 1088, 940

Scheme 1. Polycondensation of Bispyrrole with Squaric Acid in the Presence of IL (Structure Displayed in the Box)
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cm−1. Anal. Calcd for (C48H66N2O4·H2O)n: C, 76.56; H, 9.10; N, 3.72.
Found: C, 74.37; H, 8.79; N, 3.66.

■ RESULTS AND DISCUSSION
The monomer bispyrrole was synthesized and characterized
using 1H and 13C NMR spectroscopy, IR spectroscopy, and
mass spectrometry. We then polymerized bispyrrole with
squaric acid to form SQ (Scheme 1), a low−band gap
polysquaraine that presumably contained 1,2- and 1,3-addition
moieties (the latter zwitterionic) in the polymer main chains.
The zwitterionic subunits in the SQ main chains should have
induced strong intermolecular interactions, implying that the
polymer would have a strong tendency for aggregation and
precipitation from solution. In general, it is hard to find a
proper solvent to make quality films of polysquaraines. Thus,
we expected IL to solvate the zwitterionic polymers well in
solution to ensure the absence of precipitation.
Figure 1 reveals the success of our IL-based polymerization

approach. The ion−ion interactions between IL and SQ

resulted in the polymer being dispersed stably in solution
without precipitation, overcoming the intrinsic aggregation
behavior, and finally enhancing the film formation quality.
Figure 1a presents a photograph of the broken tiny pieces of
the cast SQ film after drying, which had a metallic luster but
could not be dissolved in the reaction solvent or any other
organic solvent. Figure 1b−e presents photographs of the thin
films of SQIx obtained for values of x (IL concentration, wt %)
of 5, 1, 0.1, and 0.01 respectively. The SQI5 and SQI1 films
were readily crushed, which might originate from the greater
conformational relaxation as more IL is extracted out, whereas
the SQI0.1 and SQI0.01 films were of good quality with a large
area (>1 × 1 cm2) and had metallic luster. The free-standing
films can be bended without breaking as shown in Figure 1(f).
Thus, the properties of these films were affected by the content
of IL; in other words, a suitable amount of IL in the SQIx
polymerization solution can optimize the resulting film quality.
FTIR Spectroscopic Structural Analysis. The FTIR

spectra in Figure 2 reveal structural information regarding the
polymer chains of SQ and SQIx. At first glance, the features in
the FTIR spectra of the polymers SQ and SQIx in Figure 2a
appear similar. Notably, the characteristic absorptions of IL
were almost completely absent in the spectra of SQIx; that is,
IL was effectively absent in the final polymeric products.
Usually, polysquaraines prepared from bispyrrole and squaric
acid feature two types of repeating units: 1,3-addition

(zwitterionic) and 1,2-addition (diketonic) products.39−42

The FTIR spectroscopic absorptions of the zwitterionic 1,3-
addition moieties and weak absorptions at 1716 cm−1 for the
1,2-addition (diketonic) moieties. From these FTIR spectra,
Table 1 reveals that the 1,3-addition moieties were of the

zwitterionic moieties and weak absorptions at 1716 cm−1 for
the 1,2-addition (diketonic) moieties. The 1,3-addition
moieties were more predominant in SQIx than they were in
SQ. The ratio of 1,3- to 1,2-addition moieties increased upon
increasing the IL concentration in the polymerization solution.
In other words, the formation of zwitterionic 1,3-addition
moieties was more favorable (i.e., they were stabilized) in
solutions containing higher IL concentrations because of the
excellent ion solvation capability of IL in polar organic solvents.

Figure 1. Photographs of (a) the SQ powder with metallic luster and
(b−e) the SQIx films (b) SQI5, (c) SQI1, (d) SQI0.1, (e) SQI0.01, and
(f) flexible SQI0.1 film.

Figure 2. FTIR spectra of neat IL and the polysquaraines SQ and
SQIx: (a) 4000−500 cm−1; (b) 1750−1550 cm−1.

Table 1. FTIR Spectroscopic Analysis of the Effect of IL on
the Main Chain Structures of SQ Powder and SQIx Filmsa

SQ dye
νC−O (cm−1)
1,3-addition intensity

νC−O (cm−1)
1,2-addition intensity

ratio 1,3-/
1,2-addition

SQ 1622 0.071 1716 0.024 2.96
SQI0.01 1619 0.099 1735 0.034 2.91
SQI0.1 1620 0.054 1736 0.010 5.40
SQI1 1622 0.232 1736 0.036 6.44
SQI5 1623 0.036 1737 0.005 7.20

aSQIX:“x” denotes the concentration (wt %) of IL relative to the n-
BuOH/benzene (1:3) reaction solvent.
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Since the 1,2-addition moieties have a neutral structure
compared with the 1,3-addition ones, the stability is relatively
low in the presence of IL in the polymerization solution.
Therefore, the polycondensation of squaric acid with
bispyrrole in IL-containing solutions favored the production
of the 1,3-addition configuration.
Electronic Absorption Spectral Properties. Figure 3

displays the UV−vis−NIR absorption spectra of the poly-

squaraines SQ and SQIx. The spectrum of SQ (prepared in the
absence of IL) featured two intensity maxima at long
wavelengths (734 and 874 nm, curve a). SQ0.01 and SQ0.1,
which we prepared in the presence of low concentrations of IL,
featured their maximum intensities at 743−757 nm with a
shoulder near 1012 nm (curves b and c, respectively). This
feature appears to correlate with the presence of relatively
higher ratios of 1,2-addition covalent repeat units. The 1,2-
addition structure provides electronic structures of lower
symmetry and electronic interactions split into different energy
levels, resulting in splitting of the absorption band. Splitting of
the absorption bands occurs in the case of mesomeric
substituents.43 Hence, the intensity of the shoulder signal,
attributed to the 1,2-addition moieties, decreased upon
increasing the ratio of the 1,3-addition moieties. The spectrum
of SQI5, display a maximum absorption at 730 nm, without the
shoulder. The absorption peaks at 540−840 nm predominantly
represented the electron transitions of the 1,3-addition
moieties.
Figure 4 presents the electron absorption spectra of SQI0.01

and SQI5 prepared in solvents of high (BuOH) and low
(benzene) polarity. The spectra of both SQI0.01 and SQI5
featured broader absorptions when prepared in BuOH than in
benzene, with the broadening effect on SQI0.01 being more
evident than that on SQI5. These phenomena are consistent
with SQI0.01 featuring a higher ratio of neutral 1,2-diketonic
moieties. In the excited state, the 1,2-diketonic structure
features significant charge separation,44,45 with δ− localized on
CO oxygen atoms and δ+ accumulated on the pyrrolyl
nitrogen atoms, producing a greater change in dipole moment
with respect to the ground state than that of the 1,3-moieties,
which already possess ionic character. The more highly polar
solvent (BuOH) provides greater stabilization of the excited
1,2-moieties, thereby inducing a red−shift of the absorption

signal. The increase in absorption for SQI0.01 was more evident
than that for SQI5 upon increasing the solvent polarity.
Figure 5 displays the UV−vis−NIR spectra of the

polysquaraines SQI0.01 and SQI5 dissolved in six different
solvents. The signals for SQI5 were relatively unchanged upon
increasing the solvent polarity from benzene (lowest polarity)
to MeOH (highest polarity). Ionic bonds usually undergo
much less of a change in dipole moment upon photon

Figure 3. UV−vis−NIR spectra of the polysquaraines SQ and SQIx in
n-BuOH/benzene (1:3).

Figure 4. UV−vis−NIR spectra of SQI0.01 (solid line) and SQI5
(dashed dotted line) in (a, b) n-BuOH and (c, d) benzene.

Figure 5. UV−vis−NIR spectra of (a) SQI5 and (b) SQI0.01 in polar
and nonpolar solvents [“Bu1Be3” denotes a mixed solvent of BuOH/
benzene (1:3)].
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absorption than do neutral covalent bonds. Because of its
higher content of zwitterionic 1,3-addition moieties, SQI5
underwent a less significant change in dipole moment upon
photon absorption; therefore, the solvent polarity had no
significant impact on the photon absorption spectra. In
contrast, the spectra of SQI0.01 featured a more noticeable
change in absorption upon varying the solvent polarity (Figure
5b). SQI0.01 featured a higher ratio of 1,2-diketone repeat units,
which undergo a greater change in dipole moment upon
photon absorption. A higher-polarity solvent would better
stabilize the dipole moment change upon photon absorption,
thereby broadening the absorption spectrum. Hence, the UV−
vis−NIR absorption spectrum of SQI0.01 was more sensitive to
the solvent polarity.
Surface Morphology and Conductivity. Figure 6

displays the surface morphologies of SQIx films prepared

using the drop casting method. The films of SQI5 and SQI1
were readily crushed; their surface morphologies were relatively
rough and noncontinuous (Figures 6a and 6b, respectively; cf.
Figures 1b and 1c). In contrast, the films of SQI0.1 and SQI0.01
exhibited smooth surfaces, good film quality, and metallic luster
(Figure 6, parts c and d; cf. Figure 1, parts d and e). We suspect
that this behavior is related to the IL content in the drop-
casting solution affecting the packing of the polysquaraine
chains. A small amount of IL in the SQIx solution forms a
more-stable dispersion of SQIx, allowing ready stacking of the
chains with less interference from IL during the film formation
process. In contrast, large amounts of IL caused the SQIx
chains to interact with the; when residual IL was removed from
the film, the resulting SQIx film featured much free space and,
therefore, a noncontinuous surface structure.
Table 2 lists the electrical conductivities of the polymers

SQIx, as measured using the four-point probe method. The
conductivities of SQI0.1 and SQI0.01 were 4.74 × 10−5 and 2.27
× 10−5 S/cm, respectively; notably, the former is double the
latter. These values are higher than those for SQI1 and SQI5,
presumably because of the better molecular close packing and
film quality of SQI0.1 and SQI0.01. Therefore, a low IL content
in the solution used for polysquaraine preparation enhanced
the final polymer film quality, surface morphology, and
electrical conductivity.

X-ray Diffraction Studies. The wide-angle X-ray diffrac-
tion patterns of solid SQ and SQIx films (Figure 7) feature

common reflection peaks at angles of 2θ of approximately 4.5
and 3.7−3.9°, corresponding to d-spacings of 19.6 and 22.6−
23.9 Å, respectively, for the O-dodecyl side chains. The
interchain packing distance increased from 19.6 Å for SQ to
23.9 Å for SQI0.1, presumably because the presence of IL
weakened the electrostatic interactions between the SQ chains
and, thereby, increased the interchain distance. The XRD
patterns of the polymers SQ and SQIx featured broad signals
near 19.6−19.2°, corresponding to interlayer spacings of 4.5−
4.6 Å. The reflections at values of 2θ near 25.8−26.2°
correspond to d-spacings of approximately 3.4 Å, consistent
with interlayer π-stacking of the SQ and SQIx chains. The XRD
pattern of SQI5 lacks the signal for π-stacking, presumably
because this film possessed a disordered phase associated with
more free volume originally occupied by the IL. The greater
content of IL in solution led to more-disordered packing of the

Figure 6. SEM micrographs of the films of (a) SQI5, (b) SQI1, (c)
SQI0.1, and (d) SQI0.01.

Table 2. Electrical Conductivities of SQ and SQIx Films

polymer film cnductivity (S/cm)

SQ a
SQI5 b
SQI1 8.67 × 10−7

SQI0.1 4.74 × 10−5

SQI0.01 2.27 × 10−5

aPowder. bnot measured.

Figure 7. XRD patterns of SQ and SQIx.
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polysquaraine layers. Thus, the XRD patterns confirmed the
effect of IL on the layer packing disorder.
Thermogravimetric Analysis. Figure 8 displays TGA

traces of the polymers SQ and SQIx. These polymers were all

very stable at temperatures below 200 °C, exhibiting negligible
weight losses. Consistent with a previous report of regarding
structural stability, we found that polymer backbones richer in
1,2-addition moieties were more stable than those richer in
zwitterionic 1,3-addition moieties.27 The SQIx polymers
featured fewer 1,2-addition moieties than did SQ, resulting in
their lower thermal degradation temperatures in Figure 8 and
Table 3. The dynamic thermal stabilities among the SQIx films

followed the trend SQI0.01 > SQI0.1 > SQI1 > SQI5; that is, the
greater the content of 1,3-addition moieties on the main chain,
the lower the value of Td. Nevertheless, appropriate control
over the IL concentration can provide polysquaraines SQIx
with thermal stability comparable with that of SQ. Therefore,
our SQIx polymers that exhibited good film quality has also
featured excellent thermally stability, combined with other
excellent physical properties.

■ CONCLUSIONS
The polycondensation of bispyrrole with squaric acid results in
the formation of polysquaraines featuring both 1,3-addition
(zwitterionic) and 1,2-addition (diketonic) moieties. We
applied an organic IL to the successful preparation of
polysquaraine films, because its organic anions and cations
solvated the ionic polymer chains effectively in organic solvents.
Such solvation induced stable dispersions of the SQ chains in
solution and decreased the natural tendency for aggregation
and precipitation from solution. The polymers SQI0.01 and
SQI0.1 provided lustrous semiconductive films exhibiting
electron conductivities of 2.27 × 10−5 and 4.74 × 10−5 S/cm,

respectively. The presence of IL during the polymerization of
bispyrrole and squaric acid enhanced the ratio of 1,3- to 1,2-
addition moieties in the polymers SQIx. We attribute this
behavior to ion−ion interactions between IL and the SQ
chain’s zwitterionic 1,3-moieties, thereby stabilizing the 1,3-
addition structures during polymerization. The changing ratio
also influenced the UV−vis−NIR absorption spectra and could
be used to determine the influence of the solvent polarity on
the absorption signals. The UV−Vis absorption spectrum of
SQI0.01 was more sensitive to the solvent polarity than was that
of SQI5. The presence of IL in the reaction solutions not only
affected the ratio of the two isomeric moieties in the resultant
polymers SQIx but also the d-spacings for the packing of the O-
dodecyl side chains. The interchain packing distance increased
from 19.6 Å for SQ to 23.9 Å for SQI0.1, due to weaker
electrostatic interactions between IL and the latter polymer. A
suitable concentration of IL in the solution enhances the optical
properties, film morphology, polymer chain packing, and
electrical conductivity, while maintaining excellent thermal
stability. We suspect that the use of IL as an additive will also
have other applications in organic synthesis and polymer
chemistry.
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