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ABSTRACT: Per- and polyfluoroalkyl substances (PFAS) are environmentally persistent pollutants that are of growing concern due
to their detrimental effects at ultra-trace concentrations (ng/L) in human and environmental health. Suitable technologies for on-site
ultra-trace detection of PFAS do not exist and current methods require complex and specialized equipment, making the monitoring
of PFAS in distributed water infrastructures extremely challenging. Herein, we describe amplifying fluorescent polymers (AFPs) that
can selectively detect perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) at concentrations of ng-L!. The AFPs
are highly fluorinated and have poly(p-phenylene ethynylene) and polyfluorene backbones bearing pyridine-based selectors that react
with acidic PFAS via a proton-transfer reaction. The fluorinated regions within the polymers partition PFAS into polymers, whereas
the protonated pyridine units create lower-energy traps for the excitons, and emission from these pyridinium sites results in red-
shifting of the fluorescence spectra. The AFPs are evaluated in thin film and nanoparticle forms, and can selectively detect PFAS
concentrations of ~1 ppb and ~100 ppt, respectively. Both polymer films and nanoparticles are not affected by the type of water, and
similar responses to PFAS were found in milliQ water, DI water, and well water. These results demonstrate a promising sensing
approach for on-site detection of aqueous PFAS in the ng/L range.

INTRODUCTION

Per- and polyfluoroalkyl substances (PFAS) are “forever
chemicals” and their high chemical stability allow them to
slowly accumulate over time in the environment as well as in
living systems.'3 Fluorinated materials have useful properties
and are widely employed in consumer products including food
packaging, nonstick cookware, lubricants, additives in fire-
fighting foams, cleaning and personal care products. Their
wide-spread use had aroused concern as a result of studies con-
ducted by the Center of Disease Control and Prevention (CDC)
which revealed that most people in the United States have been
exposed to PFAS concentrations that may lead to detrimental
health outcomes, such as thyroid disease, liver damage, reduced
fertility, and even certain types of cancer.*® There are multiple
types of PFAS, however “long-chain” perfluoroalkyl carbox-
ylic acids (CyF20+1COOH, n>7) and perfluoroalkyl sulfonic ac-
ids (CoF20+1SO3H, n>6) show particularly resistance to degrada-
tion and are more bioaccumulative than their “short-chain” an-
alogues.’ In response, the US Environmental Protection Agency
(EPA) released a health advisory level of 70 ng-L™! (70 ppt) for
a combined concentration of perfluorooctanoic acid (PFOA)
and perfluorooctane sulfonate (PFOS) in drinking water.'? This
health advisory limit, that was issued in 2016, was revised in
June 2022, and the current drinking water health advisories are
0.02 ppt for PFOA and 0.004 ppt for PFOS.!" On March 2023,
the US EPA announced a proposed National Primary Drinking
Water Regulation for six different PFAS, with legally enforce-
able levels of 4 ppt for PFOA and PFOS as individual contam-
inants.'? Such updated advisory levels are cautionary that some
negative effects may occur with PFOA and PFOS concentra-
tions in water that are at ultra-trace levels that are challenging
to measure throughout distributed water infrastructures.

Current US EPA methods for the detection of PFAS at the
ng/L range rely on combinations of liquid chromatography and

mass spectroscopy.'*!* Although these methods provide accu-
racy and sensibility, they are cost-prohibitive requiring special-
ized laboratories with well-trained personnel. Recent research
efforts have been focused on developing fast, portable, user-
friendly, low-cost detection methods that will allow for contin-
uous environmental monitoring.” 2 However, few sensors
are suitable for on-site detection, and they further lack sufficient
sensitivity and/or selectivity. In addition to the ultra-low con-
centrations of PFAS in water, the complexity of real water sam-
ples, which usually contain various ions, biopolymers, humic
acids, organic oils or surfactants, make PFAS detection, moni-
toring and mitigation extremely challenging.

Herein we show how the self-amplifying properties of fluo-
rescent conjugated polymers enable the detection of aqueous
PFAS at ng-L"'. Signal amplification in amplifying fluorescent
polymer (AFP) systems is the result of highly efficient excited
state (exciton) transport along the polymer backbones and be-
tween neighboring polymers.?®%° The rapidly diffusing excitons
in some cases can sample thousands of polymer repeating units
increasing the probability of encountering an analyte of interest
(PFAS in the present case). If the presence of the analyte either
causes a lower energy trapping state or a quenching site, the
exciton is captured. AFPs are advantageous when compared to
alternative fluorescent sensors since they exhibit larger signal
amplification, exceptional sensitivity (i.e., femtogram detection
limits), and in some cases, allow for naked-eye detection. An-
other key feature of AFPs is that sensing devices can be readily
prepared by depositing AFP coatings onto glass, fiber optics or
waveguides, or by dispersing AFPs in water to produce colloi-
dal particles. Indeed, our group demonstrated the utility of
AFPs in a diverse array of chemical and biological sensing ap-
plications, and in some cases these methods have proved to be
robust enough to be implemented in commercial sensing de-
vices. 3034
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Figure 1. Chemical structure of the fluorous conjugated polymers (x= 0.80, y= 0.20) and conceptual scheme of the mechanism for
the detection of PFAS in water: PFOA diffusion from water to the polymer induces protonation of the pyridine moieties and triggers

changes in the emission of the polymers.

We report here a new sensing platform based on fluorescent
polymers that specifically bind and respond to PFAS in aqueous
environments. Our method relies on highly fluorinated poly-
mers with poly(p-phenylene ethynylene) (PPE) and polyfluo-
rene (PF) backbones bearing pyridine-based selectors that react
with acidic PFAS (i.e., PFOA and PFOS) via a proton-transfer
reaction (Figure 1). The fluorinated domains within the poly-
mer backbone partition PFAS into polymers,*~’ while the pro-
tonated pyridine units produce new emissive signals that are
amplified by excitonic energy transport. Specifically, we de-
signed two acidic PFAS selectors (Py and Py* in Figure 1),
where the m-electron delocalizing character of the thiophene
bridges in Py* triggers larger changes in fluorescence after pro-
tonation, in comparison to the simple pyridine selector (Py). As
for the polymer backbones, we selected three different poly-
mers (PF, PPE and FPPE in Figure 1), which impede aggrega-
tion, allowing for spectroscopic stability and high emission ef-
ficiency in thin film and particle forms. In the case of PPE and
FPPE polymers, the rigid pentiptycene repeating units introduce
molecular-level porosity that facilitates PFAS diffusion into
solid polymers.3> Moreover, both PF and FPPE polymers pos-
sess a particularly high fluorine content (see Table 1) that in-
creases PFAS affinity for the polymers.

Table 1. Molecular weight and polydispersity indices of the synthe-
sized polymers.

wt. % F*  Mu (g/mol)® My (g/mol)®  Dn®
PF-Py 58.5 8,100 15,200 1.88
PF-Py* 56.4 8,900 18,300 2.06
PPE-Py 393 63,600 173,800 2.73
PPE-Py* 38.3 86,400 197,000 2.28
FPPE-Py  59.9 - - —
FPPE-Py* 59.2 =¢ =¢ -°

2 Fluorine content of the repeating unit. ® Calculated by GPC using THF
(1 mL-min™") as the mobile phase relative to PS standards. ¢ Not soluble
in the GPC mobile phase (THF).

RESULTS AND DISCUSSION

AFPs were synthesized by palladium-catalyzed cross-cou-
pling polycondensation. PF-Py and PF-Py* were prepared via
Suzuki polymerization between dibromide 1, diboronate 2, and
the pyridine-containing dibromide (Py or Py*) (Scheme 1).
Although all the monomers were soluble in toluene, the Suzuki
polymerization was performed in benzotrifluoride to solubilize
the generated polymer that has fluorous characteristics.®® In
contrast, PPE polymers were synthesized by Sonogashira
polymerization between diethylnyl [2.2.2] bridged bicyclic
monomers 4 or 5, diiodide 3, and pyridine-containing diiodide



(Py or Py*) in benzotrifluoride/diisopropylamine (3:2)
(Scheme 2). All the polymers were purified by precipitation in
methanol, followed by repeatedly washings with hot methanol,
acetone and acetonitrile. The relative molecular weights and
polydispersity indices were estimated by gel permeation chro-
matography (GPC) in THF solution using polystyrene standards
(Table 1). However, FPPE polymers were only soluble in fluor-
inated solvents, such as benzotrifluoride and hydrofluoroethers
(e.g., HFE-7500 or HFE-7200), thereby preventing molecular
weight determination by GPC. To evaluate the molecular
weight, we made use of dynamic light scattering (DLS) in ben-
zotrifluoride solution to calculate their radius of gyration. DLS
analysis suggests an average radius of 20.8 nm for FPPE-Py and
21.6 nm for FPPE-Py*, which are slightly larger than the per-
sistence length of high molecular weight PPEs.**4

The AFP UV-Vis absorption and fluorescence spectra were
collected in dilute solutions of benzotrifluoride and in spin-
casted films (Figure 2). Relevant photophysical data are col-
lected in Table 2. The fact that the absorption and fluorescence
profiles vary little between solution and thin films, suggests
weak interpolymer interactions and confirms that the [2.2.2]
bridged bicylic structures prevent polymer aggregation.33-*
There is a general trend in emission bands to shift to longer
wavelengths, as a result of enhanced energy migration to re-
gions having more extended conjugation in solid structures. The
influence of the thiophene-containing selector (Py*) on the op-
tical properties is significant, and all Py*-polymers showed red-
shifted absorption and emission maxima with respect to Py pol-
ymers without thiophene units. This suggests that the thio-
phene-bridge selectors should provide the ability to efficiently
modulate the spectra with protonation.
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Scheme 1. Synthetic route to highly fluorous polyfluorenes
(x=0.80, y=0.20).
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The absence of aggregation endowed by the 2.2.2-bicyclic
scaffolds in the polymer backbones prevents self-quenching to
maintain high emission quantum yields, and makes for high re-
producibility of spin-casted films. In the case of the PFs, some
minor aggregation was observed, but overall the perfluoroal-
kane chains that extend perpendicular to the fluorene repeating
units prevent close stacking of the conjugated backbones.*!
Moreover, PF-Py* showed two fluorescence peaks in solution,
suggesting the presence of two different emissive species that
probably correspond to PF-Py* and some minor polyfluorene
oligomers without Py* receptors. The presence of oligomeric
polyfluorene could not be detected by 'H NMR nor GPC (Fig-
ure S1), but it was clearly observed in solution fluorescence
measurements. In the solid state, the energy transfer is much
more intense and the emission of the longer wavelength mate-
rial dominates.
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Scheme 2. Synthetic route to fluorous poly(p-phenylene ethynylenes) (x= 0.80, y= 0.20).
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Figure 2. Absorption (dotted lines) and fluorescence (solid lines) spectra in benzotrifluoride solutions, spin-cast films, and CPdots:
(a) PPE-Py, (b) "PPE-Py, (¢) PF-Py, (d) PPE-Py*, (e) FPPE-Py*, and (f) PF-Py*.

Table 2. Photophysical data.

Media Aabs (NM)  Aem (NM)
PF-Py Benzotrifluoride 370 411
Thin film 371 428
CPdots 368 427

PF-Py* Benzotrifluoride 369 410, 470
Thin film 369 487
CPdots 362 488
PPE-Py  Benzotrifluoride 404 447
Thin film 406 451
CPdots 407 456
PPE-Py* Benzotrifluoride 413 467
Thin film 413 475
CPdots 413 476
FPPE-Py Benzotrifluoride 393 440
Thin film 397 447
FPPE-Py* Benzotrifluoride 398 461
Thin film 409 467

The fluorescence response of polymer thin films (30 to 50 A
thick) to aqueous solutions of PFOA was studied by introducing
the films into sealed vials (20 mL capacity) containing 2.5 mL
of different concentrations of PFOA in milliQ water. The mech-
anism of fluorescence change is the protonation of a nitrogen
atom of a Lewis base (pyridine) and proton-transfer reactions
are considered to occur nearly instantaneously,*? as a result the
most relevant and time-limiting factor that contributes to the

fluorescence response is the time needed for PFOA molecules
to diffuse from water to the fluorophilic polymer films.**-

To ensure adequate PFAS diffusion into the films, we have
used an exposure time of 1 hour to perform all our sensing ex-
periments. Exposure of PPE-Py films to PFOA results in a
broadening and red-shifting of the emission peak (from 451 to
490 nm), and visually the films change from having a blue to a
bluish-green fluorescence (Figure 3A). This red shift is the re-
sult of the PFOA-induced protonation of pyridine units, which
produces enhanced electro-accepting character and lowers the
energy of charge transfer states. As a result of the amplifying
nature of exciton migration, only a small percentage of pyridine
acceptors need to be protonated to produce a large response.”
43 Thus, the short-wavelength shoulder of the initial fluores-
cence band probably suggests some residual emission from
non-protonated PPE-Py. The PPE-Py* polymer showed a sim-
ilar PFOA response, but the thiophenes produce a stronger
change in emission with PFOA-induced protonation of pyridine
units (Figure 3B). In particular, PPE-Py* films exhibited a blue
to green visual fluorescence color change, together with a larger
red-shifting of the initial band from 475 to 535 nm. The larger
shift was expected as the thiophene-pyridine constructions were
expected to have strong charge transfer character. Figure 4
shows the calibration curves for both polymers, which are linear
between 1 and 10 ppb. The limits of detection (LOD) were cal-
culated to be 2 ppb (PPE-Py) and 1 ppb (PPE-Py*). Moreover,
we confirmed that film recycling was possible and most of the
initial fluorescence of PPE-Py and PPE-Py* films can be re-
covered by rinsing with an aqueous NaOH (1 M) solution for
10 min and air drying (Figure S2).
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Figure 3. Fluorescence spectra of thin films upon exposure to aqueous solutions of PFOA, and the fluorescence photographs of
the corresponding thin films: (a) PPE-Py, (b) PPE-Py*, (¢) PF-Py, and (d) PF-Py*.
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Figure 4. Changes in thin-film fluorescence intensity after exposure to PFOA in milliQ water, DI water, and well water (average
values of three different films, error bars represent standard deviations): (a) PPE-Py, (b) PPE-Py*, (c) PF-Py, (d) PF-Py*.

FPPE polymers are highly fluorinated AFPs with fluorine observed more than two orders of magnitude lower sensitivity
content of 60 wt. % (see Table 1). We initially hypothesized with LOD ~100 ppb relative to other PPE analogues (Figure
that FPPE will exhibit higher sensibility as a result of the higher S3). This considerably lower PFOA response is consistent with

partitioning of PFAS into a more fluorous polymer film, but we



FPPE’s highly hydrophobic nature and the poor wettability of
the polymer film likely reduces PFOA diffusion into the film.

Exposure to PFOA causes the emission bands of PF-Py and
PF-Py* to be broader, less-intense, and red-shifted. Bands
shifted from 428 to 482 nm for PF-Py and from 487 to 535 nm
for PF-Py* (Figure 3C and 3D). As revealed by the photo-
graphs of the thin films in Figure 3, polymer films also showed
visual detectable fluorescence color changes in response to
PFOA. The evolution of the fluorescence intensity at the initial
peak maximum for PF-Py and PF-Py* upon exposure to differ-
ent PFOA concentrations (calibration curves) revealed linear
regions from 10 to 40 ppb with calculated LOD of 8 ppb for PF-
Py and 6 ppb for PF-Py* (Figure 4).

It is worth noticing that PF-Py/PF-Py* and PPE-Py/PPE-
Py* AFPs have LOD of the same order of magnitude. This fact
suggests that the diffusion of the PFOA into the polymers may
be a limiting factor. In PPE-Py/PPE-Py*, the 3D [2.2.2] fused
bicyclic pentiptycene structures create porosity at the molecular
level that is expected to enhance PFAS diffusion into the films.
Nonetheless, the lack of porosity in films of PF-Py/PF-Py* is
compensated with a higher fluorine content that enhances par-
tition and association of aqueous PFOA into the polymer. How-
ever, it is clear that porosity and fluorous content must be con-
sidered along with other properties, and as stated earlier, FPPE-
Py and FPPE-Py* are less sensitive, which we suggest is a con-
sequence of an extremely hydrophilic nature and ineffective dif-
fusion of PFOA from the water into the polymer solid.

We wondered if our detection method of PFOA, has general
utility for sensing of other acidic PFAS, such as PFOS or per-
fluorobutanoic acid (PFBA). PPE-Py* is the AFP with the low-
est LOD and we studied its fluorescence response to PFOS and
PFBA. As shown in Figure 5, a clear fluorescence change was
observed after exposing PPE-Py* polymer films to PFOS in
milliQ and well water. The calibration curve reveals a linear re-
gion from 10 to 40 and a calculated LOD of 5 ppb. The higher
LOD for PFOS (i.e., 5 ppb for PFOS and 1 ppb for PFOA) may
be a result of the higher affinity of the sulfate, relative to a car-
boxylate, to be hydrated. It is likely that PFOS behaves as a sur-
factant at fluorous/water interface.'® PFOS organized at the in-
terfaces will not protonate the pyridines and lead to a reduced
LOD. In the case of PFBA, exposure of PPE-Py* polymer films

to different concentrations of PFBA resulted in a broadening
and red-shifting of the emission bands, with similar detection
limits to those obtained with PFOA (Figure S4). These results
also indicate that our AFP sensors can selectively detect all dif-
ferent acidic PFAS, but they are not capable of differentiating
between short- and long-chain PFAS.

Interestingly, PPE-Py/PPE-Py* and PF-Py/PF-Py* films
did not exhibit fluorescence response when exposed to aqueous
solutions of simple octanoic or butanoic acids, thereby demon-
strating that fluorinated segments within the AFPs bind selec-
tively PFAS (Figure S5). Our AFP-based sensor scheme relies
on a relatively non-specific proton-transfer reaction and might
be inherently susceptible to interferences from acidic and/or
ionic species commonly found in groundwater. As a result, we
decided to evaluate the potential interfering issues that may
arise with complex aqueous matrices, such as groundwater. In
particular, we selected well water collected from a well in Cen-
tral Vermont as a realistic matrix to demonstrate the robustness
of our AFP-based sensor. Figure 4 shows the PFOA calibra-
tions curves when the polymer films were immersed in milliQ
water, DI water, and well water. We only observed minor devi-
ations in the fluorescence responses to PFOA, and also the same
detection limits within the margin of error.

To gain insight into the sensing mechanism, we studied direct
interactions between PPE polymer backbone and PFAS. There-
fore, we synthesized a PPE analogue without pyridine moieties
(PPE) and studied its response to different concentrations of
PFOA. Nonetheless, no variation of the emission was observed
upon exposure of PPE films to PFOA (Figure S6), indicating
that the unique PFAS response of our pyridine-containing AFPs
is a consequence of pyridine protonation and not simply to di-
rect interactions of PFAS with the polymer backbones. This fact
was also confirmed by control experiments with non-acidic
PFAS, such as methoxyperfluorobutane and 1H,2H,2H-per-
fluorooctanal hydrate that also partition into fluorous AFPs but
are not capable of protonating pyridine moieties. In such control
experiments under the same conditions, the emission of PPE-
Py* films did not show any change upon exposure to methoxy-
perfluorobutane and 1H,2H,2H-perfluorooctanal hydrate (Fig-
ure S7), confirming that our fluorous AFP sensors are selective
to acidic PFAS molecules.
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Figure 5. Changes in fluorescence intensity after exposure to PFOS in milliQ water, and well water (average values of three
different measurements, error bars represent standard deviations): (a) thin-films of PPE-Py, and (b) CPdots of PPE-Py*.
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Figure 6. (a) DLS measurements of water dispersions of CPdots, (b) TEM image of PPE-Py* CPdots.

It is likely that the AFP sensing response is related to the dif-
fusion of PFOA from water into the polymer film, which is de-
pendent on the polymer/water interfacial area. Spin-cast AFP
films have a limited surface area and to increase the poly-
mer/water interface we prepared conjugated polymer nanopar-
ticle (CPdot) dispersions in water. CPdots have found applica-
tions in imaging and chemical sensing,**’ and can be prepared
by a reprecipitation method. Briefly, a dilute solution of the
AFP in THF (0.01 mg-mL"!, 2mL) was quickly added to water
(8 mL) under sonication. THF was then evaporated under vac-
uum to yield optically clear aqueous dispersions of CPdots that
display the same color as the starting THF solution. FPPE-Py
and FPPE-Py* are not soluble in non-fluorinated solvents, com-
plicating the formation of CPdots. As a result, CPdot studies
focused on CPdots of PPE-Py, PPE-Py*, PF-Py, and PF-Py*.
The resulting CPdots dispersions were stable over 1 month with
no evidence of aggregation nor precipitation. The morphology
of the CPdots and their size was evaluated by transmission elec-
tron microscopy (TEM) and DLS (Figure 6). TEM images
showed the presence of spherical nanoparticles, which appeared
to aggregate into interconnected networks. This aggregation has
been previously observed for CPdots,* and just occurs during
water evaporation in the sample preparation process due to the
high hydrophobicity of our fluorinated polymers. In contrast, no
aggregation of CPdots was detected in DLS experiments (PDI
< 0.20), which gave monomodal size distributions with mean
hydrodynamic diameters of 92 nm (PPE-Py), 83 nm (PPE-
Py*), 54 nm (PF-Py), and 44 nm (PF-Py¥*).

The UV-Vis absorption spectra of the aqueous dispersions of
the CPdots are broadened compared to those of the conjugated
polymers in benzotrifluoride solution (Figure 2). Nonetheless,
the absorption spectra of the PF-Py/PF-Py* CPdots have a
slight blue-shifting from the solution state that is consistent with
an overall reduction of the conjugated length of the AFP
chain.* In contrast, the absorption spectra of PPE-Py/PPE-Py*
CPdots did not show blue-shifting because the rigid iptycene
repeating units may preclude the twisting of the polymer back-
bone and the reduction of its conjugation length. CPdots also
exhibited red-shifted fluorescence spectra as compared to those
of in solution, which is very similar to the spectra acquired in
thin film form.

The fluorescence spectra of the CPdots were recorded after 1
hour incubation with different concentrations of PFOA in mil-
1iQ water (Figure 7). In accord with our thin film sensing ex-
periments, PFOA exposure resulted in a broadening and red-
shifting of the emission peaks. Moreover, those changes in the

fluorescence spectra were accompanied by a visual change in
the fluorescence color of the CPdot aqueous dispersions. These
results confirmed that PFOA is able to diffuse into the CPdots
and protonate the pyridine-based selectors, triggering changes
in the fluorescent properties. Figure 8 shows the calibration
curves for the CPdots that reveal linear regions from ca. 0.05 to
1.5 ppb. We calculate a LOD of 0.2 ppb for PPE-Py, 0.08 ppb
for PPE-Py*, 0.8 ppb for PF-Py, and 0.7 ppb for PF-Py*.
These values are approximately one order of magnitude lower
than those of found in thin film experiments, attesting to the
impact of higher surface area.

We also determined that the CPdots performance is the same
in milliQ water and well water (Figure 8). CPdots-based AFP
sensors are also able to detect PFOS in addition to PFOA.
CPdots of PPE-Py* showed a fluorescent response upon expo-
sure to different concentrations of PFOS (Figure 5). The cali-
bration curve for this data is linear from 0.1 to 1.5 ppb and gives
a calculated LOD of 0.35 ppb. As explained, the higher LOD
for PFOS is likely related to its different interfacial activity in
comparison to PFOA.

In summary, our best performing polymer (i.e., PPE-Py¥*)
can selectively detect PFOA/PFOS concentrations of 1.0/5.0
ppb (2.4/9.9 nM) in thin film, and 0.08/0.35 ppb (0.2/0.7 nM)
in CPdots forms. This PFAS sensitivity is superior to those of
previously reported fluorescent sensors to our knowledge. For
instance, the three most sensitive PFAS fluorescent sensors de-
scribed so far consist of: (1) aggregation-induced emission
chromophores deposited onto glass chips that can detect PFOA
and PFOS concentrations of around 40 ppb (100 nM),?? (2) an
indicator displacement assay that uses guanidinocalix[5]arene
and fluorescein and has LODs of 10.9 ppb (26.4 nM) for PFOA
and 11.3 ppb (21.4 nM) for PFOS,* and (3) a fluorescent sensor
array based on a library of macrocyclic species templated with
a fluorophore that can detect PFAS at around 2.5 ppb (5 nM).%
Nonetheless, although our AFPs-based sensors selectively de-
tect acidic over non-acidic PFAS with the highest sensitivity re-
ported for fluorescent sensors, they do not allow the differenti-
ation between short- and long-chain PFAS, or distinguishing
between different acidic functional groups. Our AFPs represent
a proof-of-concept sensing assay that requires further optimiza-
tion since its sensitivity is still insufficient to meet the recently
announced US EPA legally enforceable levels in drinking water
(4 ppt for PFOA and PFOS, individually), but it can be em-
ployed in heavily contaminated areas (e.g., around military fa-
cilities, airports, industrial areas...), or after preconcentrating
the water sample with solid-phase extraction.
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CONCLUSIONS

In conclusion, we have developed amplifying fluorescent
polymers (AFPs) that can selectively detect aqueous PFOA and

PFOS in the ng-L™! range. The AFPs are highly fluorinated and
have poly(p-phenylene ethynylene) and polyfluorene back-
bones. Pyridine-based selectors were integrated into the AFPs
that react with PFAS acids via a proton-transfer reaction. PFAS-



induced protonation of the pyridines creates lower-energy pyr-
idinium traps for the excitons and emission from these sites re-
sults in a red shift of the spectra. These AFPs were initially eval-
uated as spin-coated films and can detect PFAS at concentra-
tions of ~1 ppb. Higher surface area nanoparticles can detect
aqueous PFAS concentrations of ~100 ppt. It is also noteworthy
that both polymer films and nanoparticles are not affected by
the type of water, and similar responses to PFAS were found in
milliQ water, DI water, and well water. Although further opti-
mization is needed to meet the current US EPA limits, the low
detection limits make this sensor scheme potentially suitable for
on-site PFAS detection in heavily contaminated areas. Further
investigations of this approach and its utility to discriminate be-
tween short- and long-chain PFAS and to detect PFAS with dif-
ferent functional groups are currently ongoing in our laboratory.
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