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A new conjugated poly(pyridinium salt) derived
from phenanthridine diamine: its synthesis, optical
properties and interaction with calf thymus DNA

Yujiao Sun1, Jing Wang2, Lu Jin1, Ying Chang1, Jingjing Duan1 and Yan Lu1

A new conjugated poly(pyridinium salt) derivative (P1) containing heterocyclic phenanthridine moieties in the main chain with

tosylate counterions was prepared via a ring-transmutation polymerization reaction. Its chemical structure was established using

NMR and FTIR spectra. Its number-average molecular weight (Mn) and polydispersity were 14 430 and 1.456, respectively,

as determined by gel permeation chromatography (GPC). The interaction of P1 with calf thymus DNA (ctDNA) in an ethanol-

Tris-HCl buffer (2 mM, pH 7.4) (v/v=1:1) was investigated by ultraviolet–visible, fluorescence, circular dichroism spectroscopy,

and dynamic light scattering (DLS) measurements. The electrostatic attraction and intercalation interaction between P1 and

ctDNA resulted in a significant fluorescence quenching of polymer P1 in the ethanol–Tris-HCl buffer, and the ratio of

fluorescence intensity at 523 nm in the absence of ctDNA (F0) to that in the presence of ctDNA (Fi) was linearly proportional to

the concentration of ctDNA within the range of 0–6.0 μM. Therefore, the conjugated polyelectrolyte is expected to be used as a

new fluorescent probe for the label-free detection of DNA.
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INTRODUCTION

Conjugated polyelectrolytes (CPEs) have become a subject of extensive
research for chemosensors and biosensors.1–5 Because the π–π
electrons in the conjugated backbones are delocalized, CPEs present
molecular wire effects that can provide targeted signal amplification.6,7

However, CPE optoelectronic properties can be greatly perturbed
by the local electrochemical environment.8–16 Cationic-conjugated
polyelectrolytes have been widely used as DNA biosensors by taking
advantage of the electrostatic interaction with the oppositely
charged phosphate groups of the target polynucleotide.17–23 Among
these polyelectrolytes, cationic poly(para-phenylene vinylene),24

polythiophene derivatives25–27 and poly(fluorene-co-phenylene)
derivatives28–36 are widely used. The poly(fluorene-co-phenylene)
derivatives have become particularly popular because they show a
relatively high-emission quantum yield in aqueous solutions and emit
blue light, and their structures can be easily modified through
substitution at the C9 fluorene position.37 Various protocols have
been developed, largely by Bazan et al., to detect DNA using cationic
poly(fluorene-co-phenylene)s as biosensors. Many of these protocols
are based on Förster resonant energy transfer, which requires a costly,
complex and long-running operation.20,28–36 Thus, the development
of new CPE systems for sensitive DNA detection is still required.
Recently, we developed a poly(pyridinium salt)s-based bio-sensing

system for the sensitive detection of biological molecules, including
DNA and heparin, by taking advantage of their good photoelectric

characteristics and their charged nature.38–41 Unlike common
p-conjugated polyelectrolytes, which are characterized by a backbone
with a delocalized electronic structure and the charged functional
side chains, poly(pyridinium salt)s belong to a class of main-chain
cationic polymers and consist of 4,4′-(1,4-phenylene)bis(2,6-
diphenylpyridinium) ions along the backbone of the polymer chains.
They exhibit a number of interesting photoelectrical properties such as
redox behavior, liquid crystalline (LC) properties and light-emitting
properties, which have been investigated quite extensively by
Bhowmik et al.42–45 In the present study, we designed and synthesized
a new poly(pyridinium salt)s derivative that contains heterocyclic
phenanthridine moieties in the main chain with tosylate
counterions (P1), and we studied its interaction with calf thymus
DNA by ultraviolet (UV)–visible (Vis) and fluorescence spectra,
dynamic light scattering (DLS) and circular dichroism (CD) spectra.

MATERIALS AND METHODS

Materials and measurements
All chemical reagents were commercially available and used as received unless

otherwise stated. Calf thymus DNA was purchased from Beijing Sunbiotech Co.
Ltd (Beijing, China). The DNA concentration was determined by absorption
spectroscopy by using the molar absorption coefficient (ε= 6600 M− 1 cm− 1) at
260 nm. Milli-Q water (18.2 MΩ) was used for all the experiments.

1H NMR spectra were collected on a Bruker Avance III-400 NMR spectro-
meter (Bruker Co., Billerica, MA, USA) (400 MHz). d6-dimethyl sulfoxide
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(DMSO) was used as solvents and tetramethylsilane as internal standard. GPC
analysis was conducted with a Waters 2690 liquid chromatography system
equipped with a Waters 996 photodiode detector and Phenogel GPC columns.
Linear polystyrene standards were applied for calibration. The eluent was DMF
with 0.01 M LiBr at a flow rate of 1 ml min− 1 at 35 °C. A total of 50 μl of 0.2 wt
% of polymer in DMF containing 0.01 M LiBr was injected into the columns.
The pH was measured on a Mettler-Toledo Delta 320 pH meter (Mettler-
Toledo International Inc., Greifensee, Switzerland). DLS measurements were
performed using a Zetasizer Nano ZS90 (Malvern Instruments Co., UK)
equipped with a He–Ne laser. All CD spectra were measured on a Jasco J-715
WI spectropolarimeter (Jasco Co., Tokyo, Japan) using a cylindrical quartz cell
with a pathlength of 10mm. The absorption spectrum was recorded on a
Shimadzu UV-2550 spectrometer (Shimadzu Co., Tokyo, Japan). Fluorescence
was measured on a Hitachi F-4600 fluorescence spectrophotometer (Hitachi
Co., Tokyo, Japan) equipped with a xenon lamp excitation source.

Synthesis of bis(pyrylium salt)s monomer (M)
The 4,4'-(1,4-phenylene)bis(2,6-diphenylpyrylium)ditosylate, M, was synthe-
sized according to the procedure reported elsewhere, (see Supplementary
Scheme S1)42–45 and a detailed synthetic procedure is also provided for its
preparation in the ESI.

Polymer synthesis
The bis(pyrylium) salt, M, was reacted with 6-phenyl-phenanthridine-3,8-
diamine by a ring-transmutation polymerization reaction to yield the desired
polymer P1 according to the previously reported procedure.42 An equal molar
ratio of the monomer M and diamine was placed in DMSO in a three-necked,
round-bottomed flask equipped with a magnetic stirrer. Approximately 5 ml
toluene was added to distill the water that was generated in the reaction as a
toluene–water azeotrope, and this process was facilitated by using a Dean–Stark
trap and water condenser. The temperature was monitored with a thermometer
and adjusted to 145–150 °C. The reaction was kept under nitrogen atmosphere
for 48 h. Upon completion, the reaction mixture was allowed to cool to room
temperature. The DMSO was subsequently removed from the reaction mixture
under vacuum to form a viscous polymer solution. The polymer solution was
then poured into ethyl acetate to precipitate the polymer, which was collected
via filtration. The resulting polymer was dried under vacuum at 110 °C for 72 h.
1H NMR (400 MHz, d6-DMSO, p.p.m.): 8.85 (d, 4H, aromatic meta N+),
8.66 (s, 4H, 1,4-phenylene), 8.39 (s,1H), 8.26—7.05 (m, 38H, phenyl), 2.26
(6H, s, -CH3).

RESULTS AND DISCUSSION

Synthesis and characterization of P1
Scheme 1 outlines the reaction sequence that was utilized to synthesize
the poly(pyridinium salt)s derivative P1. The comonomer M was
easily synthesized according to the literature in high yield (87 %) by
treating tetraketone with triphenylmethanol and p-toluenesulfonic
acid.42–45 The conjugated poly(pyridinium tosylate)s (P1) was

prepared by the ring-transmutation polymerization reaction, which
was performed by heating the reactants in DMSO, as previously
reported.38–45 In this polymerization reaction, it is important to
remove the water generated by the transformation of the pyrylium
rings to the pyridinium rings from the polymerization medium. Thus,
toluene was added into the reaction system to remove the water
generated during the polymerization process as a toluene/water
azeotrope, and excess toluene were removed by distillation. The
reaction mixtures were heated at 145–150 °C for additional 48 h.
The polymer P1 was essentially isolated in quantitative yield by
precipitation with the addition of ethyl acetate.

1H NMR was employed to characterize the structure of polymer P1.
The 1H NMR spectrum of polymer P1 in DMSO-d6 contained
aromatic absorption between 7.0 and 9.0 p.p.m., pyridinium ring
absorptions between 8.0 and 9.0 p.p.m., and CH3 absorption at
2.26 p.p.m. (Supplementary Figure S1, ESI). As shown in Supplemen-
tary Figure S1, the integration ratio of peak area for the proton signals
from Ha in pyridium salts relative to that of the proton signals from
Hb in phenathridine ring is approximately 4:1, which is consistent
with its proposed structure. The FT–IR spectrum shows that the main
absorption bands of P1 are at 1616.8 and 1546.4 cm− 1, which
correspond to the stretching vibration of C=C within the aromatic
rings; 1360.3, 1186.4, 1116.8 and 1006.9 cm− 1, which correspond to
the stretching vibration of C=N; and 815.3, 756.9 and 676.1 cm− 1,
which correspond to the out-of-plane bending vibration of C-H
within the aromatic rings (Supplementary Figure S2, ESI). The results
of 1H NMR and FT–IR are in agreement with the proposed structure.
The weight- and number-average molecular weights of polymer P1, as
determined by gel permeation chromatography (GPC) in DMF (LiBr),
are 21010 and 14430, respectively, with a polydispersity index (PDI) of
1.456 (Supplementary Figure S3, ESI).

Solubility of the polymer
Being water soluble is essential for a polymer to interface with
biological substrates such as proteins and DNA. Thus, the solubility
of the synthesized poly(pyridinium salt)s derivative P1 was carefully
investigated. P1 is soluble in common solvents, such as DMSO
(~53mg l− 1), DMF (~61mg l− 1), C2H5OH (~2.0mg l− 1), and pure
H2O (~1.3 mg l− 1), despite the rigid-rod structure, and this solubility
should be attributed to the all para-catenated backbones. In contrast to
the −BF4 counterion, the presence of a bulky tosylate counterion in
the polymer increased its solubility in polar solvents by significantly
reducing the strong ionic interactions between positive and negative
charges. 42 This organic counterion provides a mechanism to increase
its solubility to such an extent that it exceeds the concentration
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Scheme 1 Synthesis of poly(pyridinium salt)s derivative (P1).
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required by spectrum detection to form a homogeneous aqueous
solution in the presence of trace amount of DMSO (approximately
one thousandth of the total volume).

Optical properties
The photophysical properties of P1 in different solvents were
investigated. As shown in Figure 1, P1 exhibited similar absorption
spectra in THF, DMSO, and water, with absorption peaks at 333, 344
and 342 nm, respectively, that were assigned to the π–π* transition of
the conjugated polymer backbone. In contrast, P1 displayed different
emission spectra in different solvents, with main emission peaks at
404 nm in THF, 438 nm in DMSO, and 516 nm in water. The obvious
bathochromic shift of emission spectra could be attributed to the
enhanced intramolecular charge transfer of P1 in the excited state and
aggregation of the polymer main chain with increased solvent polarity
from THF to water. 46–48

Because the aqueous medium is essential for studying the interac-
tion of conjugated polyelectrolytes with biological substrates such as
proteins and DNA, we examined the fluorescence of P1 in water with
varying amounts of DMSO to further understand its aqueous
fluorescent properties. As shown in Figure 2, the emission peak blue
shifted gradually by 78 nm, from 517 to 439 nm, when the DMSO
content increased from 0 to 100% (v/v). In contrast, the emission
intensity changed in a complicated manner. When the DMSO content
increased from 0 to 20% (v/v), the emission intensity increased
gradually. When further increasing the DMSO content to 50%, the
emission intensity decreased gradually. With subsequently increases in
the DMSO content, the emission intensity increased gradually again
and reached the maximum at ~ 100% DMSO (v/v). We propose that
the emission peak is dominated by the effect of intramolecular charge
transfer and the configuration of polymer P1, whereas the emission
intensity is mainly attributed to the synergistic effect of polymer
aggregation and the viscosity of the mixture solvent.48–50 Owing to
interchain hydrophobic interactions, P1 tends to aggregate in water,
which quenches the concentrate and consequently lowers emission
intensities. Adding DMSO to the P1 aqueous solution increased the
viscosity of the medium, resulting in higher emission intensities by
inhibiting the nonradiative decay of the polymer in the excited state
because the rotation and distortion of polymer were hindered in
media with higher viscosities.
To explore the practical applicability of P1, the effect of pH on the

fluorescence spectra of P1 was also investigated. As shown in Figure 3,

the fluorescence intensities of P1 decreased gradually with increasing
pH values. Under acidic conditions (pHo6), all N atoms within P1
may be protonated, and the intermolecular repulsion will lead to the
de-aggregation of polymer chains, which should be responsible for the
higher emission intensity. When pH410, the quaternary ammonium
cations (Nc+) of P1 may form an NcOH complex, which can enhance
the π–π stacking interaction between polymer chains, resulting in
lower emission intensity. The obvious blueshift of emission peaks
could be attributed to the weakened intramolecular charge transfer
effect of P1 in the excited state due to the formation of an NcOH
complex at pH410. P1 showed stable fluorescence emission, with
negligible change of emission intensity and wavelength in the pH
range of 6.0–10.0. Therefore, P1 can be used effectively at pH values
near physiological conditions, which is required to detect bio-relevant
targets.

UV-Vis spectroscopy analysis of P1 complexes with ctDNA
The interaction between P1 and ctDNA was first examined by probing
the UV-Vis spectra changes of P1 when titrated with ctDNA. Because
P1 is a cationic conjugated polyelectrolyte, whereas ctDNA carries
highly electronegative charges on its phosphate groups; thus, they can
form complexes through electrostatic interactions. As shown in
Figure 4, polymer P1 exhibits a maximal absorption at 343 nm
(ε= 6.13× 104 M− 1 cm− 1). Upon gradually addition of ctDNA, the
absorbance of polymer P1 at 343 nm decreased gradually, whereas
the change of absorption peak was negligible, indicating that an
aggregation between the P1 and ctDNA formed and that the attractive
electrostatic interaction of P1 with ctDNA does not obviously change
the conformation of P1. Job's plot based on the UV-Vis absorption
data shows a nearly 1:1 stoichiometry for the ctDNA-P1 complex
(Supplementary Figure S4).

DLS analysis of the P1 complexes with ctDNA
To demonstrate the aggregation behavior between P1 and ctDNA,
DLS experiments were performed in an ethanol–Tris-HCl buffer.
The DLS data obtained for a fixed concentration of P1 (10 μM) with
varying concentrations of ctDNA (0–8 μM) show changes in the
hydrodynamic diameter depending on the level of titration
(Figure 5). P1 formed small aggregates with a mean diameter of
295 nm, which is ascribed to its poor water solubility in aqueous
solutions. With increasing concentrations of ctDNA, the hydro-

Figure 1 Absorption and fluorescence spectra of polymer P1 in various
solvents (10 μM, excitation at 360 nm). A full color version of this figure is
available at Polymer Journal online.

Figure 2 Fluorescence intensity and emission peak of P1 as a function of
water content in DMSO. λex=360 nm, [P1]=10 μM. A full color version of
this figure is available at Polymer Journal online.
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dynamic diameter of the aggregates increased gradually and reached a
maximum mean diameter of 712 nm at [ctDNA]= 6 μM. Thus, near
the endpoint of the titration, P1-ctDNA complexes exist in a highly
aggregated state, whereas further addition of ctDNA causes electro-
static repulsion between ctDNA; thus, the ctDNA-P1 complexes
disperse.

Thermal denaturation studies
To further analyze P1 binding to ctDNA, the UV-melting transitions
were measured with a Shimadzu UV-2550 spectrometer fitted with a
water-bath apparatus to control the temperature. The melts were
monitored at 260 nm, and scans were made from 20 to 95 °C. Values
for the melting temperature (Tm) were defined as the temperature at
which the absorbance of DNA at 260 nm reached 50% of the maximal
value. Figure 6 shows the ctDNA melting curves in the presence and
absence of polymer P1. The ctDNA ‘melts,’ that is, undergoes a
double-to-single strand transition at 57.0 °C. The melting curve
undergoes a higher temperature shift in the presence of P1 at a
concentration as low as 10 μM, resulting in an increase in the melting

point by 13.8 to 70.8 °C. This finding demonstrates that polymer P1
binding to ctDNA stabilizes the duplex structure of the latter.

Circular dichroism measurements on the complex
The objective of the CD investigation was to identify structural
alterations in the ctDNA when it is bound to the conjugated
polyelectrolyte P1. The bands due to base stacking (275 nm) and
right-handed helicity (248 nm) are very sensitive to the solution
structure of DNA and the conformation twist of the double helix
produced by the formation of supramolecular aggregates.51–53 Thus,
CD spectroscopic analyses were performed in ethanol–Tris-HCl
buffers of ctDNA in the absence and presence of P1. Concentrations
were chosen below the point of precipitation (for example, 10 μM of
ctDNA was examined in the presence of up to 10 μM P1). The intrinsic
CD activity of the P1 was recorded and found to be negligible. As
shown in Figure 7, the CD spectrum of ctDNA in the absence of P1
was of typical B-form, which exhibited a positive cotton effect at
275 nm and a negative cotton effect at 248 nm. Upon the addition of
polymer P1, the intensity of the negative peak in the CD spectrum at

Figure 3 Effect of pH on the fluorescence intensity and emission wavelength
of P1 (10 μM) in aqueous solution. Excitation at 360 nm, [P1]=10 μM. A full
color version of this figure is available at Polymer Journal online.

Figure 4 Absorption spectra of P1 in the presence of various concentration
of ctDNA in an ethanol–Tris-HCl buffer (2mM, pH 7.4) (v/v=1:1).
[ctDNA]=0, 0.8, 1.6, 2.4, 3.2, 4.0, 4.8, 5.6, 6.4, and 7.2 μM,
[P1]=10 μM. A full color version of this figure is available at Polymer Journal
online.

Figure 5 Hydrodynamic diameter of P1 (10 μM) in the presence of ctDNA in
an ethanol-Tris-HCl buffer (2mM, pH 7.4) (v/v=1:1) obtained from DLS.
A full color version of this figure is available at Polymer Journal online.

Figure 6 ctDNA (30 μM) melting curves at 260 nm in the absence and
presence of P1 (10 μM) in aqueous solution. A0 and A denote the initial
absorbance and the recorded absorbance at different temperatures,
respectively. A full color version of this figure is available at Polymer Journal
online.
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248 nm and the positive peak at 275 nm decreased as the concentra-
tion of P1 increased from 0 to 10 μM, indicating a significant change in
conformation of the ctDNA structure as P1 bound to the duplex.
Changes in the intensity of the CD peak at 248 nm are associated

with an alteration of the hydration of the helix in the vicinity of
phosphate or the ribose ring as the ionic concentration is altered.54

Thus, exchanging a cationic polymer, such as P1, with a sodium ion
might lead to changes in hydration near the phosphate group of the
DNA helix. The decrease in the 248 nm band observed may reflect
such hydration changes.54 However, changes in the intensity of the CD
peak at 275 nm should be attributed to the intercalation interaction
between the phenyl groups on the side chain of polymer P1 and
the DNA base pair via hydrophobic forces. Therefore, the strong
electrostatic attraction and intercalation interaction should be
responsible for the binding of ctDNA with P1.

Fluorescence study of P1 complexes with ctDNA
Addition of ctDNA to P1 (10 μM) in ethanol–Tris-HCl buffer solution
results in the fluorescence quenching of polymer P1 (Figure 8).
As the ctDNA concentration increased from 0 to 6.0 μM, the
photoluminescence (PL) intensity of the cationic conjugated polyelec-
trolyte decreased to only one-third of the PL intensity in the absence
of ctDNA, which is concomitant with the slight blueshift of the P1
emission maximum from 523 to 511 nm. The intensity peak of the
fluorescence spectrum at 523 nm was selected to investigate the
analytical performance of our proposed fluorescence quenching
system. Fluorescence quenching efficiencies can be quantified by the
use of the Stern–Volmer equation:55

F0=Fi ¼ 1þ KSV Q½ � ð1Þ
where F0 and Fi are the fluorescence intensities in the absence and
presence of quencher, respectively, and [Q] is the quencher concen-
tration. The Stern–Volmer constant, KSV, provides a direct measure of
the quenching efficiency and is determined from the linear portion of
a plot of F0/Fi versus [Q].
The Stern–Volmer plot of P1 quenched by ctDNA is shown in

Figure 8 as an inset. At ctDNA concentrations ranging from 0 to
6.0 μM, a linear plot with KSV= 2.21× 105 M− 1 (R= 0.981) was
obtained. This quenching efficiency is pronounced if one considers
a fluorescence quenching system of small molecular weight stilbene
and methylviologen, whose KSV is as low as 15. The extremely large
quenching efficiency is caused by two separated effects as follows.
First, the negatively charged ctDNA molecules are expected to readily
bind positively charged conjugated polymer chains through a combi-
nation of coulombic and entropic interactions, which brings about an
effect of local concentration enhancement of P1. This local enhance-
ment improves the accessibility and thus the sensitivity of P1 to
ctDNA. Second, the conjugated polyelectrolyte is characterized by a
‘molecular wire’ effect. An isolated conjugated polymer chain can be
regarded as a highly efficient transport medium of the electronic

Figure 7 Circular dichroism spectra of ctDNA (10 μM) in an ethanol–Tris-HCl
buffer (2mM, pH 7.4) (v/v=1:1) upon the addition of polymer P1. [P1]=0,
4, 6, 8, and 10 μM. A full color version of this figure is available at Polymer
Journal online.

Figure 9 The ((Fi–F0)/(FctDNA–F0)) ratio of fluorescence intensity at 523 nm
of P1 (10 μM) in an ethanol (EtOH)–Tris-HCl buffer (2mM, pH 7.4)
(v/v=1:1) upon the addition of 6 μM of ctDNA in the presence of an equal
concentration of competing anions. F0 is the fluorescence intensity of free
P1, Fi is the recorded fluorescence intensity of complexes of P1 with various
DNA molecules, FctDNA is the fluorescence intensity of the P1-ctDNA
complex. λex=360 nm. Interfering species: (1) none, (2) DNA-1, (3) DNA-2,
and (4) DNA-3 (DNA-1: (5′-GGTGGCCATTACCTTTGACTCTTC-3′; DNA-2:
5′-CCACCTGTTGGTAGTCCTTGTATTTAGTATCATC-3′; DNA-3: 5′-TGGTTCACG
TAGTGGGCCATC-3). A full color version of this figure is available at Polymer
Journal online.
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excited states (excitons). As a result, binding events at a site might be
sensed by a whole chain, leading to amplification of the fluorescent
system.6

Interference experiments
To investigate the influence of other types of DNA on the fluorescence
quenching of P1 by ctDNA, we utilized three other DNA molecules:
5′-GGTGGCCATTACCTTTGACTCTTC-3′ with 24 bases (DNA-1),
5′-CCACCTGTTGGTAGTCCTTGTATTTAGTATCATC-3′ with 34
bases (DNA-2), and 5′-TGGTTCACGTAGTGGGCCATC-3 with 21
bases (DNA-3). Herein, interference experiments were performed in
ethanol-Tris-HCl buffer to evaluate the sensing selectivity of P1
toward ctDNA in the presence of equal concentrations of the three
other DNA molecules. Sufficient fluorescence quench was observed for
P1 after the addition of ctDNA in the presence of various other DNA
molecules (Figure 9), suggesting that the P1 can be used as a selective
fluorescent probe for ctDNA in the presence of other types of DNA
that may compete with ctDNA to bind with P1.

CONCLUSIONS

In summary, the preparation of a novel conjugated poly(pyridinium
salt)s derivative (P1) was described. The effects of solvent polarity and
pH of the aqueous solution on the photophysical properties of P1
were studied in detail. The ability of P1 to bind ctDNA was explored
by UV-Vis and fluorescence spectroscopy, CD and DLS. Because
electrostatic interactions were expected to be the driving forces of the
binding process, the investigations were performed in an ethanol-Tris-
HCl buffer with pH 7.4, which is similar to the physiological pH. The
adsorption quickly equilibrated, and a ctDNA-P1 complex with nearly
1:1 stoichiometry was formed, as demonstrated by Job’s plot based on
the UV-Vis absorption data. The DLS data showed that aggregates
formed upon the addition of ctDNA to P1 in ethanol-Tris-HCl buffer,
with a maximum mean diameter of 712 nm at the endpoint of the
titration. Furthermore, the CD observation showed the structural
alterations that the ctDNA underwent when it was bound to the
conjugated polyelectrolyte P1; this finding indicates that the strong
electrostatic attractions and intercalation interactions should be
synergistically responsible for the binding of ctDNA to P1. The
addition of ctDNA to P1 in an ethanol-Tris-HCl buffer resulted in the
fluorescence quenching of polymer P1 with a large Stern–Volmer
constant of 2.21× 105 M− 1. On the basis of the polymer fluorescence
spectra response to the ctDNA concentration, we anticipate that this
type of conjugated polyelectrolyte has ideal properties for use as
DNA-sensitive optical probes for the detection or imaging of DNA.
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