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Herein, we successfully prepared a conjugated polyfluorene (PFDPP) containing two different kinds of diketo-
pyrrolopyrrole (DPP) derivatives (M1 and M2) through Suzuki polymerization. The chemical sensing and optical
properties of PFDPP were investigated and discussed in detail in the presence of different cations and anions. The
Photoluminescence (PL) titrations results demonstrated that the Stern-Volmer constants (Kg,) and the limit of
detection (LOD) of PFDPP were 2.30 x 10° M~ and 1.31 x 10 ® M for Fe®>" and 1.05 x 10° M™* and 1.81 x

107® M for F~. In addition, we observed that PFDPP solution showed complete emission quenching when pH
increased from 11 to 13 owing to the protonation for DPP structures. Therefore, we expect the PFDPP material
could be used as a good candidate for chemosensory and other environmental applications.

1. Introduction

Because of amazing potential applications in chemical and
biochemical sensors, fluorescent conjugated polymer-derived fluores-
cent chemosensors it has aroused great interest for pH measurement,
various metal ions, and analytes detection by changing in fluorescence
intensity and color [1-18]. n-Conjugated polyfluorenes (PFs) are
promising candidates for various optoelectronic applications, i.e.,
field-effect transistors, polymer solar cells, electrochromic devices, and
fluorescent chemosensors, owing to their facile postmodification of the
fluorene moiety at the 9,9-positions and high PL quantum yield [19-21].
To date, a series of PFs bearing sulfonic (SO3H), imidazole, phosphonate,
and ammonium at the 9,9-dialkyl chains of the fluorene ring have been
synthesized to detect metal ions [22-24].

Due to the highly planar conjugated bicyclic structure of the dike-
topyrrolopyrrole (2,5-dihydropyrrolo[4,3-c]pyrrolo-1,4-dione, DPP)
unit and the presence of carbonyl groups in its structure, which leads to
hydrogen bonding formation and strong n-t molecular interactions
[25-36]. However, the presence of various strong interactions such as
n-n intermolecular interactions and H-bonding in the DPP-based mate-
rials leads to insoluble these materials in common organic solvents

[37-39]. To enhance and improve the solubility efficiently, reduce the
interchain interaction, and inhibited polymer chain alignment for ma-
terials based on DDP units by adding some long flexible chain groups
such as alkyl or ethylene glycol group in the DPP moiety (the lactam N
atoms position) [40].

DPPs are widely used as fluorescent dye because of their facile
preparation, high quantum yield, excellent thermal stability, photo-
chemical properties, and intense color [41]. This class of compounds
incorporating z-linker (e.g., thiophene or phenyl) at 3,6-positions of the
DPP unit have been understood as a regulatory unit for improving the
performance of fluorescent chemosensors and organic semiconductors
[42]. Furthermore, the DPP based on conjugated polymers has been
much attracted and applied in various potential applications such as
field-effect transistor materials, chemical sensing for cations and anions,
biological imaging; fluorescence tags, and organic photovoltaic and
field-effect transistor materials [43-48]. Qu et al. [49] successfully
synthesized DPP materials and these materials exhibited a red emission
color toward fluoride ion with detection limit values of 2.46 and 4.20
pM in acetonitrile and acetone, respectively.

In this work, we prepared a DPP-based polymer (PFDPP) containing
two different kinds of DPP monomers (M1 and M2) with pyridinyl unit
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Scheme 1. Synthesis of M1 and M2.
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Scheme 2. Synthetic routes of (a) PF and (b) PFDPP.

as n-linker to amplify the fluorescent signal and recognized performance
in cation ion addition process, owing to the large electronegativity and
lone pair of a nitrogen atom. M2 is composed of tert-butyl propionate
units in the DPP lactam N atoms positions to improve the solubility. In
contrast, M1 still contains only the DPP lactam N atoms to recognize
with fluorine ions. To the best of our knowledge, only a few reports for
preparation of the DPP derivatives incorporating pyridinyl n-linker have
been done. In this present work, we found that PFDPP material displays
the highly dual selective response to Fe>* and F~, with the Ky, of 2.3 x
10° M~ ! and 1.05 x 10° M}, respectively. In addition, when pH values
of PFDPP solution increase from 7 to 10, the emission color solutions
change from yellow to pale green; however, when the pH value
increased to 13, the solution color changed to blue. Our results suggest
that PFDPP can be used as multi-stimuli responsive fluorescence che-
mosensors for cations and anions.

2. Experimental
2.1. Materials

5-Bromo-2-cyanopyridine (98%), dimethyl succinate (98%), 2-
methyl-2-butanol (98%), tert-butyl bromoacetate (98%), benzenebor-

onic acid (98%), bromobenzene (99%), iron(II), magnesium, copper(Il),
zinc(II) chlorides (99%), lead(II) nitrate, silver nitrate, aluminium

nitrate Aliquat 336 were ordered from Alfa Aesar. 9,9-Dihexyl-2,7-
dibromofluorene (98%), 9,9-dihexylfluorene-2,7-diboronic acid bis
(1,3-propanediol) ester (DF) (97%), sodium cyanide (95%), and potas-
sium bromide (99%) were purchased from Sigma-Aldrich. Iron(III)
chloride (95%), tetrakis(triphenylphosphine) palladium(0) (99%),
mercury(Il) chloride (99.5%), tetra-n-butylammonium fluoride, sodium
nitrate, and sodium bisulfate (92%) were ordered from Across. Potas-
sium chloride (99%), potassium carbonate (K3COs, 99.5%), nickel(II)
chloride (96%), sodium chloride (99.5%), Potassium iodide (KI), sodium
nitrite (98.5%) and calcium chloride (95%) were ordered from SHOWA.
lithium chloride (99%) was ordered from MERCK. Barium chloride was
purchased from Shimakyu’s pure chemicals. Synthetic routes for the
DPP-functionalized monomers (3,6-bis(5-bromopyridin-2-yl)-2,5-dihy-
dropyrrolo[3,4-c]pyrrole-1,4-dione (M1) and di-tert-butyl 2,2°-(3,6-bis
(5-bromopyridin-2-yl)-1,4-di-oxopyrrolo[3,4-c]  pyrrole-2,5(2H,5H)-
diyl) diacetate (M2)) are shown in Scheme 1 and more details in the
supplementary information (SI). The synthetic route for the target
conjugated polymer (PFDPP) or poly(9,9-dihexylfluorene) (PF) are
shown in Scheme 2.

2.2. Synthesis of PFDPP

M1 (0.0134 g, 0.03 mmol), M2 (0.1826 g, 0.27 mmol), DF (0.15 g,
0.3 mmol), and Pd(PPhs)4 (0.0173 g, 0.015 mmol) were dissolved in dry
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Fig. 1. H NMR analyses of (a) M1 and (b) M2.
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Fig. 2. 'H NMR spectrum of PFDPP.
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Table 1

Molecular weights and thermal properties of polymers.
Polymer  Yield (%) M,"(x10% PDI' T,(°C)" Tq(°C) DP (xy)°
PF 40.2 2.18 2.01 153.3 414.7 31:0
PFDPP 66.7 0.74 1.74 — 185.0 4:1

@ M,, and PDI of polymer were determined by GPC.

b T, by DSC under N at a heating rate of 10 °C/min.

¢ Not observed.

4 Degrees of polymerization (DP) of PF and PFDPP was calculated by GPC and
1H NMR spectra, respectively.

DMF (5 mL) and then, 4 mL of K;COj3 solution (2.0 M) was added. After
the solution was heated at 80 °C for 24 h. Phenylboronic acid (12.2 mg,
0.2 mmol) and bromobenzene (15.7 mg, 0.2 mmol) were both added.
After refluxing for 6 h, the solution was poured into the excess of CH;OH
solution to afford PFDPP (Yield: 66.7%). 'H NMR (CDCls, 400 MHz, 5,
ppm) = 0.75-0.76 (CHs), 1.06-1.10 (CHy), 1.25 (CH3), 1.85 (CHy),
1.97-2.03 (CHy), 4.32 (NCHy), 7.12-7.14 (Ar-H), 7.46-7.49 (Ar-H),
7.55-7.57 (Ar-H), 7.65-7.84 (Ar-H).

2.3. Fluorescent titration with various metal ions

Various nitrate and chloride salts solution with a concentration of
1.0 x 10~3 M was prepared in DI water and the fluorescent titration was
measured by adding polymer solution to each bottle of salt solution. The
stabilization of PFDPP-anion complexes in THF as a solvent was tested in
the presence of NO3~, F~, CN, HSO4 , Br, I, NO,, HSO4, Cl",
SCN™, and PO43’. The concentration of the PF and PFDPP during the PL
titrations was 1 x 107> M.

3. Results and discussion
3.1. Synthesis of the DPP-functionalized monomers, PF and PFDPP

Scheme 1 presented the method for the synthesis of two monomers
based on the DPP unit (M1 and M2). Firstly, M1 was prepared by using a

Table 2
Optical properties of conjugated polymers.
Polymer  UV-vis Amax UV-vis PL Amax PL Amax Stokes ~ ®p;”
sol’'n (nm) Amax
film sol'n film Shift"
(nm) (nm) (nm)
PF 380 383 416, 424, 41 1.00
438, 444,
475s 483s
PFDPP 489, 521 492, 520 547, 578 544, 52 0.75
581s

2 Stokes shift = PL(fim)/nm — UV f1m)/nm.
b The quantum yield value measured by using PF as a standard.

literature method with a slight modification method [50]. The solubility
of monomer (M1) was improved by the reaction of M1 with tert-butyl
bromoacetate, leading to the formation of M2. The resulting M2 was
dissolved in toluene, chloroform, and THF. Fig. 1 shows HNMR spectra
of the M1 and M2; respectively. As shown in Fig. 1(a), the signals
appeared at 11.24 (H,), and 9.00 (Hp) due to protons of the lactam NH
and pyridinyl unit, respectively. The 'H NMR spectrum of M2 (Fig. 1(b))
showed the peaks centered at 9.16 (H,) and 8.02-8.69 ppm (H} and H.),
which was ascribed to the pyridinyl moiety and doublet aromatic pro-
ton; respectively. We found that the lactam NH proton signal dis-
appeared, whereas the additional singlet proton signals in the 'H NMR
spectrum of My appeared at 4.99 (Hg) and 1.25 ppm (H.) due to the
methylene group adjacent to the lactam N atoms and the methyl groups.
This indicates that M2 monomer was successfully synthesized from M1.

PF and PFDPP polymers were successfully prepared by using a simple
Suzuki coupling reaction of 9,9-dihexyl-2,7-dibromofluorene, DF with
bromobenzene and phenylboronic acid for PF synthesis (Scheme 2(a)),
and Suzuki coupling reaction of M1, M2, and DF with bromobenzene
and phenylboronic acid for PFDPP preparation as displayed in Scheme 2
(b). The molar ratio feeding of M1 during polymerization was controlled
as 5 mol% because of the poor solubility in DMF. Fig. 2 presents the 'H
NMR spectrum of PFDPP in CDCl3, recorded at room temperature. The
'H NMR spectrum of PFDPP exhibited signals at 7.12-7.84 ppm, which
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Fig. 3. Normalized absorption and photoluminescence spectra of (a) PF and (b) PFDPP in THF solution (solid line) and in thin film (dotted line).
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Table 3
Optical and electrochemical properties of polymers.
No. UV-vis Eox (onsety (V) Ered (onsety (V) Egnomo” Erumo” Eg (opt)’ Eg ey’ ES%° (eV)
Aonset (eV) (eV) (eV) (eV)
PF 423 0.85 —f —5.65 —2.72 2.93 - 3.72
PFDPP 554 0.36 —-1.34 -5.16 —3.46 2.24 1.70 2.38

a EHOMO = —(on + 48) evV.
® Erumo = Exomo + Eg (opy for PF and Epymo = ~(Ered + 4.8) for PFDPP.
¢ Eg (opyy = 1240.8/Agpnser
Eg (eny = |Enomo — Erumol-
¢ Band gaps estimated from Gaussian 09 data.
f Not observed.

were assigned to the presence of DPP and fluorene moieties. The
methylene singlet proton signals labeled Hy of M2 appeared at 4.32
ppm, whereas the methyl protons (H.) of the tert-butyl units appeared at
1.25 ppm. Finally, the 'H NMR spectrum of PFDPP had signals centered
at 0.75-0.76 and 1.97-2.03 ppm assigned to the aliphatic protons (H,
and Hyp). The other aliphatic methylene protons appeared at 1.06-1.85
ppm. The M,,, PDI index, and thermal properties of PF and PFDPP were
summarized in Table 1.

3.2. Optical properties of the PF and PFDPP

Fig. 3 displays UV-vis and PL spectra of the PF and PFDPP in THF
solution and their data are tabulated in Table 2. The PF solution had an
absorption peak (Fig. 3(a)) centered at 380 nm due to n-n* transitions of
aromatic units in the PF and PFDPP. In contrast, the absorption spectrum
of PFDPP in THF solution (Fig. 3(b)) displayed red shifted at 489 nm and
higher than PF by approximately 109 nm was assigned to the electron
migration from fluorene (donor moiety) to the DPP unit (acceptor unit),
because of the intramolecular charge transfer (ICT) interactions. As seen
in Fig. 3, when both polymers were excited at 350 nm, the PF and PFDPP
solution showed strong emission in the blue (1,ax = 416 nm) and yellow
region (Amax = 547 nm), respectively. The &p, of PFDPP was 0.75 by
using PF as reference (®p;, = 1.0). The absorbance spectra of M1 and M2
monomers in THF are shown in Fig. S1(a). M1 and M2 monomers had an
absorption band at 400-550 (Amax = 511 nm) and 400-560 nm (Ayax =

(a)

-k ——Li
—Ba® =0=Ca”
Co®  =@=Hg*
Mg Mn?
=Ni** —a—Pb?
n* =AM

—9—Fe’

PL Intensity (a.u.)

500

Wavelength (nm)

Mg?* Ca?* Ba?* Zn?*

521 nm), respectively. However, the emission band of PF is from 400 to
525 nm (Aem = 416 nm), which overlapped with the emission band of PF.
This behavior was assigned to an energy transfer from fluorene groups
towards the DPP units, resulting in Forster resonance energy transfer
(FRET) phenomena and redshifts to higher wavelength (ca. Amax = 547
nm for PFDPP). The schematic representation of FRET was presented in
Fig. S1(b).

3.3. Electrochemical properties of the PF and PFDPP

The cyclic voltammogram of the PF and PFDPP in CH,Cl, was per-
formed with 100 mV s™! as a scanning rate as shown in Fig. S2 and
Table 3. As observed, the oxidation peak was 0.85 V for the PF, and this
peak was due to the occurring p-doping process of the conjugated
polymer chain. Whereas the CV curve of PFDPP had the onset oxidation
peak centered at 0.36 V. The decreasing of oxidation value of PFDPP
relative to PF may come from the delocalization charge process over the
extended conjugated system between fluorene and DDP moieties. The
estimated values of HOMO energy levels —5.65 and —5.16 eV for PF and
PFDPP; respectively. The onset reduction peak of PFDPP was observed at
—1.34 V. The LUMO energy level of PFDPP was about —3.46 eV ac-
cording to the equation Epymo = —(Ered + 4.8). The optical band gaps
(Eg"pt) of PF and PFDPP were 2.93 and 2.24 eV, respectively. Therefore,
we found that the LUMO energy levels values were —2.72 and —3.46 eV
for PF and PFDPP; respectively. Furthermore, we examined the frontier
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Fig. 4. (a) Photoluminescence spectra, (b) PL response profiles and (c) fluorescence colors of PFDPP (1.0 x 107° M) in the presence of various cation ions 5.5 x 107°
M in water. Excitation wavelength: 350 nm. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)



M.G. Mohamed et al. Polymer 235 (2021) 124266

[Fe™']
0
) El
8 &
8 2
C [2]
@© c
Ke] (O]
o €
3 I
< o 120 uM
T T T | = — T ——
300 400 500 600 500 600 700

Wavelength (nm)

Fig. 5. (a) Absorption and (b) photoluminescence spectra of PFDPP in the presence of various concentrations of Fe>*.

molecular orbitals and minimum-energy conformations of the model theoretical bandgap (Egﬂ‘e) value for PF and PFDPP was 3.72 and 2.38
compounds of PF and PFDPP by using density functional theory (DFT) eV, respectively and these values are different than the obtained Eg from
calculations as presented in Fig. S3. The DFT calculations showed that CV data and UV-vis absorption analyses (i.e., Eg"pt =2.93 and 2.24 eV
the HOMO and LUMO values were —5.16 and —1.44 eV, respectively for for PF and PFDPP). The results displayed that the model compound has a
PF and they were —5.27 and —2.89 eV for PFDPP. In addition, the larger energy bandgap to the small repeating unit number and these data

200 | ™

150

< 100
50
0

with Fe*
without Fe>*

Ag+ Lit* Ca2+ ng+ Mn2+ Pb2+ A|3+ Cu2+
K* Ba%* Co?* Mg?* Ni2*  Zn?* Fe2*
Fig. 6. Fluorescent quenching rate of PFDPP with different cations with or without Fe>" ions in THF. The black bar represents the addition of the appropriate metal

ion to a solution of the conjugated polymer. The red bar represents the subsequent addition of Fe>" to the former solution. (For interpretation of the references to
color in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 7. (a) Photoluminescence analyses, (b) PL response profiles and (c) fluorescence colors of PFDPP in the presence of various anion ions (excitation: 350 nm). (For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

confirmed that the incorporation of electron-acceptor groups like the
DPP group into the polymer chain will reduce E; values and effect on the
LUMO level.

3.4. Cation sensing properties of the PFDPP

We expected that the presence of DDP as an electron acceptors group
in the PFDPP polymer backbone will show different fluorescence colors
in the presence of various metal cations and anions. Fig. 4(a) displays the
changes in fluorescence color and intensity of PFDPP in the THF/H0
solution upon the addition of various cations. The fluorescence intensity
of PFDPP solution decreased significantly on the addition of Fe?t, Fe3™,
or Cu®" ions (F ig. 4(a)), indicating that energy transfer from the DPP

(@)

chelating moiety in the conjugated polymer backbone to these metal
cations and leading to quenching the emission of the PFDPP. The
quenching mechanism of the polymer is attributed to the photoinduced
energy transfer. These results suggest that the complexation between the
N/O atoms of DPP core and N atom of pyridinyl segments and the
positively charged cations led to the formation of a weak fluorescent
complex. We observed that upon the addition of Fe>" ions (1.0 x 10™*
M) into PFDPP solution, the fluorescence emission of PFDPP was
quenched completely, indicating PFDPP has a great selectivity toward
Fe3*. We attributed the fluorescence quenching phenomena of PFDPP
with Fe®* ions for the strong coordination and effective binding between
the DPP chelating groups and pyridinyl N atoms with Fe3*. Fig. 4(b)
shows the PL response profiles (i.e., I,/I) of PFDPP in the presence of

(b)

Absorbance (a.u.)

PL Intensity (a.u.)

I I T
300 400 500

600

Wavelength (nm)

Fig. 8. (a) Absorption and (b) photoluminescence profiles of PFDPP in the presence of various concentrations of F~.
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Fig. 9. Fluorescent quenching rate of PFDPP in the presence of different anions
with or without F~ ions in THF. The black bar represents the addition of the
appropriate anion ion to a solution of the conjugated polymer. The orange bar
represents the subsequent addition of F~ to the former solution. (For inter-
pretation of the references to color in this figure legend, the reader is referred to
the Web version of this article.)

various metal cations. The changing emission colors of PFDPP upon
addition metals cations were visible (Fig. 4(c)). As clearly seen, a
marked fluorescence change from bright yellow to dark of PFDPP so-
lution in the presence of Fe* in the THF-H50 mixture. The ®p, value of
PFDPP decreased from 0.75 to be 1.0 x 102 in the presence of Fe3*
ions.

Upon addition of Fe*' and concentration increase, PFDPP had ab-
sorption spectra in the range of 290-450 nm with higher intensities
[Fig. 5(a)], which resulted from the interaction between DPP chelating
moiety and Fe3™. Fig. 5(b) shows the fluorescence titration behavior
response of PFDPP with Fe3* in the THF. Based on PL data, with
increasing concentrations of Fe>', the emission intensities peak of

(a)

PL Intensity (a.u.)

zT

=
z

— S
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PFDPP at 547 nm gradually decreased. At low concentrations of Fe>*
cations below 2.0 x 107> M, the K, values of PFDPP were 2.30 x 10°
M L. The detection limit for PFDPP toward Fe>! was 1.31 x 10~ M and
this indicates that PFDPP material could be worked as a fluorescent
probe for Fe>*. Figs. S4-57 show the absorption, PL spectra, and emis-
sion colors of DPP monomers in the presence of various cation ions. The
fluorescence spectral responses of M1 and M2 solutions with Fe>* were
also evaluated (Fig. S8). Both M1 and M2 showed sensitivity toward
Fe3*, with the Ky, of 9.05 x 10 and 4.07 x 102 M, respectively. The
detection limit for M1 and M2 toward Fe>" was 5.81 x 107> and 2.06 x
10~* M, respectively. Compared with DPP monomers, PFDPP polymer
exhibited enhanced sensing ability that resulted from efficient chelation
between the specific fluorene-linked DPP units with Fe3*. Fig. 6 shows
the specificity of PFDPP toward various cations and Fe®* ions. We
examined other cations that could have interference with the recogni-
tion of Fe*, in which PFDPP was treated 1.0 x 10~> M of Fe>* and 1.0
x 107° M of other cations. The changes of the fluorescence intensity (i.
e., I,/I) of PFDPP were studied and measured on the addition of different
cations. Only Fe?' has a slight effect on the recognition of Fe®*, as
shown in the black bars in Fig. 6. Then, adding 1 x 10~ M of Fe** in
PFDPP solutions could yield 35- to 200-fold emission increase with and
without other metal ions, respectively (Fig. 6, red bar). As a result, the
presence of other metal ions did not have affected the response of PFDPP
toward Fe>", except for the anticipated quenching effect from Fe?".

3.5. Anion sensing properties

Fig. 7 shows the PL spectra, PL response profiles, and fluorescence
emissions colors of PFDPP in the presence of F, CI, Br, I, NOy,
NO5~, HSO4~, CN~, SCN™, and PO,4>". As presented in Fig. 7(a) and (b),
the PFDPP in THF solution emitted yellow color, and its fluorescence
peaks centered at 550 and 590 nm. We found that after adding C1~, Br,
I, NOy, and NO3~ into PFDPP solution, the fluorescence intensity
decreased slightly; however, the F~ ions completely quenched the
PFDPP solution and disappearance the yellow color (Fig. 7(c)). These
results suggest that the F~ ion was induced as the most appropriate
quencher to interrupt electronic energy transfer EET by strong depro-
tonated interaction on the lactam N positions of the DPP moiety. The
strong H-F interaction resulted in deprotonation of DPP amide moiety in
the presence of F~ ion, causing a dramatic change in color and
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Fig. 10. (a) Photoluminescence profiles and (b) ratiometric PL response profiles of PFDPP in various pH values. The concentration of polymer: 1.0 x 10-® M in THF.
The excitation wavelength is 350 nm. (a) Fluorescence images of PFDPP solution in various pH values and (b) schematic representation of protonation and

deprotonation for DPP structures. The excitation wavelength is 350 nm.
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fluorescence of the compounds.

Fig. 8 represents the absorption and photoluminescence titration
measurements of PFDPP using different concentrations of F~ from 0 to
136 pM. As observed when the concentration of F~ was zero, PFDPP had
two absorption peaks at 490 and 520 nm, and their absorption in-
tensities were gradually decreased when the concentration of F~ anion
increased due to the deprotonation process of DDP units with fluoride
ions (Fig. 8(a)). In addition, the emission intensities of PFDPP at 547 nm
gradually decreased with increasing concentration of F~ anion and were
completely quenched when the concentration of F~ was 136 pM ((Fig. 8
(b)).

Fig. 9 shows the specificity of PFDPP toward F~ ions in the presence
of other various metal anions. The results showed that there is partial
fluorescence quenching of PFDPP in the presence of CN™ ions, and no
effect for PFDPP response toward F~ in the presence of other metal
anions. For comparison, Table S1 collects the literature concerning DPP-
functionalized chromophores prepared from PD and different precursors
[49,51-58]. As observed from Table S1, this study offers an effective
sensing performance (i.e., cation and anion) as compared to other con-
jugated polymers or low molecular weight chromophores.

Fig. 10 showed the fluorescence properties of PFDPP at various pH
from 1 to 13. The PL curve of PFDPP in THF solution does not show any
big changes in the maximum emission peak of PFDPP when the
increasing the solution acidity from 6 to 1 and their color was yellow due
to the protonation of pyridine moiety in the PFDPP polymer backbone
(Fig. 10(a)-(c)). While, when the pH values increase from 7 to 10, there
is dramatically changed in the FL properties of PFDPP, and color solu-
tions changes from yellow to pale green (Fig. 10(c)). Finally, when the
pH values increase from 10 to 13 and increasing the basicity of PFDPP
solution, the emission intensity of PFDPP was decreased and completely
quenched at pH = 13 and a new FL peak appeared at 410 nm.
Furthermore, at pH = 13, the PFDPP solution emits blue color (Fig. 10
(c)), which is attributed to the deprotonation of DDP lactam N groups.

4. Conclusions

To conclude, in this work, we synthesized a new conjugated polymer
PFDPP containing diketopyrrolopyrrole through Suzuki coupling poly-
merization. The chemical structure and M,, of PFDPP were determined
by NMR and GPC analyses. According to the absorbance and photo-
luminescence experiments of PFDPP toward different kinds of cations
and anions, the results indicated that the PFDPP material showed
excellent sensitivity for Fe>* and F~ ions with the Stern-Volmer con-
stants of 2.3 x 10° M~! and 1.05 x 10° M}, respectively, and the limit
of detection values of PFDPP were 1.31 x 1075 and 1.81 x 1075 M for
Fe3" and F~; respectively. Furthermore, the PFDPP polymer displayed
changes in color emission when increasing the basicity of the solution by
using NaOH solution. We believe that the PFDPP precursor could be
used as an emerging candidate for chemosensory and environmental
applications.
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