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Exploring colorimetric detection of perfluorooctane sulfonate 
using micelle solubilised porphyrin 
Chloe M. TaylorA , Michael C. BreadmoreA,B and Nathan L. KilahA,*

ABSTRACT 

The harmful pollutant perfluorooctane sulfonate (PFOS) is difficult to detect without extensive 
laboratory equipment used by trained personnel. Herein, we report the use of a micelle- 
encapsulated porphyrin host molecule as a rapid colorimetric indicator for PFOS and its anionic 
salts. A range of common commercially available surfactants were tested and optimised to 
encapsulate the hydrophobic highly pigmented porphyrin sensor molecule. This method was 
used for the detection of PFOS in aqueous solutions at concentrations as low as 3 ppm. Colour 
space RGB information was extracted from a mobile phone photograph and parameterised, 
allowing for threshold PFOS detection, demonstrating the applicability of this method as an easily 
accessible approach to inform an untrained user.  
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Introduction 

Per- and polyfluoroalkyl substances (PFAS) are a class of long-lived anthropogenic 
pollutants that are of concern for human health. The most well-known, publicised, and 
studied PFAS are perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate 
(PFOS).[1] The use of PFAS in manufacturing and industry was driven by their unique 
and useful chemical characteristics such as hydrophobicity and chemical resistivity; the 
same characteristics that have resulted in their ubiquitous dispersal in the environ-
ment,[2] and bioaccumulation in the general population.[3] 

There are many classes and subcategories of PFAS but the most heavily regulated and 
investigated are the ‘long-chain’ perfluoroalkyl acids. Both PFOA and PFOS have a typical 
surfactant structure comprising a hydrophobic ‘tail’ and a hydrophilic ‘head’ (Fig. 1). 
PFOA and PFOS are often concentrated at air–water interfaces when particular concen-
tration thresholds have been exceeded,[4–6] and this behaviour is known to occur at 
concentrations of 0.5–30 mg/L.[7] The partitioning behaviour means that anywhere from 
50 to 75% of the mass of PFAS may be present at the interface of the bulk solution.[7,8] 

There are further implications for the surface activity of these compounds due to the 
difference in surface tension between counterions; the surface tension of PFOA as a 
sodium salt is almost double that of PFOA as a free acid.[9] This has significant impacts 
on the transport of these molecules in the environment, but also on our ability to detect 
and quantify them. With the implementation of regulatory limits for these compounds in 
soil and water, there has been an increased demand for rapid PFAS detection methods.[10] 

Current technologies are highly labour and time intensive, and require expensive labora-
tory equipment and significant sample preparation.[11] The standard methods for analysis 
include liquid chromatography–mass spectrometry (LC–MS) or gas chromatography–mass 
spectrometry (GC–MS). These analysis methods, and appropriate pre-treatment, are 
required for the measurement of PFOS in water, where the permissible concentration 
can be as low as 0.7 ppt.[12] Other environmental samples, such as soils, can be highly 
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contaminated (part per million concentrations or higher) and 
require dilution prior to analysis.[13] Detection, remediation, 
and monitoring are hindered by the time and cost of these 
techniques, which has created a need for in situ, rapid, and 
potentially user-friendly alternatives. A diagnostic ‘yes/no’ 
analysis method would allow for determination above or 
below set thresholds that could aid and direct remediation 
procedures. Trends in the literature show a shift towards 
small molecule, sensor-based technology to support these 
needs.[14,15] Previous small molecule PFAS sensors have 
used methylene blue cationic dyes,[16] ethyl violet dyes,[17] 

and a fluorescence detection method utilising an eosin 
Y-polyethyleneimine system.[18] Other colorimetric sensing 
methods specifically targeting the rapid determination of 
PFOS have detection limits of 1–10 ppm using ion-pairing 
on paper based devices,[19] and methylene blue active sub-
stances methods coupled to grafted imidazolium groups to 
form nanolayers.[20,21] 

In previous work, we developed porphyrin-based host 
molecule 1 (Fig. 1) to function as a colorimetric indicator 
for PFOA and other perfluorinated carboxylic acids and their 
salts.[22,23] When testing the host molecule 1 with perfluori-
nated sulfonates such as PFOS, it was observed that, on 
occasion, the surface at the solution–air interface would 
change colour upon addition, but immediately return to 
the original host colour. This transitory response suggested 
the interaction between host 1 and PFOS was not as facile as 
that of PFOA and other perfluorinated carboxylic acids. 
Investigations into the micellar behaviour of PFOS anions 
have shown pre-micellar aggregates form in solution prior to 
the critical micelle concentration (CMC), above which they 

form small and strongly ionised hydrated micelles.[24] It was 
also noted that there was an energetic advantage for micelle 
formation relative to adsorption at an air–water interface. 
Micelles have been shown as a useful platform for sensing 
applications. These surfactant-supported molecular assem-
blies have been used for a range of applications in sensing, 
including the detection of explosives,[25] fluoride,[26] and 
even the SARS-COV-2 virus.[27] There are numerous surfac-
tants that vary in their structure, function, and purpose, but 
they can be broadly classified as non-ionic, amphoteric, 
cationic, and anionic, which describe the polar, hydrophilic 
‘head’ group.[28,29] 

To design a detection method targeting PFOS and other 
perfluorinated sulfonates, we looked to exploit the surfac-
tant properties of the target analyte. Other hydrophobic 
porphyrin molecules have shown enhanced capabilities 
when solubilised by micelles compared to dispersion in an 
aqueous solution.[30] Suspending 1 in a micellular solution 
was envisioned to position the hydrophobic porphyrin host 
for favourable interactions with PFOS in an aqueous solu-
tion. There was a particular focus on the potential applica-
tion of this work for visual-based sensing techniques, which 
considered both visual perception and the parameterisation 
of RGB colour space values for threshold analysis. 

Results and discussion 

Design considerations 

The host molecule 1 is hydrophobic due to the tetra- 
substituted perfluorinated picket-fence structure, in which 
the fluorinated groups provide a fluorophilic cavity to interact 
with PFAS guest molecules. The host molecule structure is 
somewhat reminiscent of a surfactant, with a very hydrophilic 
‘tail’ that is known for aggregation and assemblies across 
different concentration ranges in similar molecules.[31,32] It 
was thought these properties could be exploited by combining 
the host molecule and a surfactant with well-established CMC 
values into an assembled micelle solution. For a successful 
colorimetric sensing interaction to occur, it must be energe-
tically favourable for the PFAS to associate with the 
micellular solution of host 1. The effective CMC of the 
surfactants being screened was likely reduced by the pres-
ence of both host 1 and the analyte,[33] so initial assembly 
concentrations were set just above the known CMC values of 
the solubilising surfactants (Table 1). The assembly of 
micelles is also known to be influenced by a range of 
other factors, most commonly solvent, temperature, or the 
presence of electrolytes or dissolved species. 

The host concentration will impact the visual perception 
of the mixture and determine the colour intensity; the more 
host suspended in the micelle solution, the more visible the 
colour is to the naked eye. Our previous work has identified 
that host molecule 1 provides optimal colorimetric responses 

NH
N

HN
N

NH
O

HN
O

F
F

F
F

F

F
F

F

F

F
F

F
F

F
F F

F

F
F

F

F

F
F
F

F

F

F
F

F

F

HN
O

F
F

F
F

F
F

F

F

F
F

F

F F
F

F

O
F

F
F

F
F

F
F
F

F

F
F

F
F

F
F

NH

1

F
F F

F

F F

F

F

FF
F

F F

F

F

F
FF

F

F F

F

F

FF
F F F

F

F
OH

O

S

FF
O

O OH

PFOA PFOS
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aminophenyl]-21H,23H-porphyrin) (1) and common PFAS, PFOA 
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when the number of moles of host in solution approximates 
the concentration of the perfluorocarboxylic acid (PFCA) 
analyte.[23] Once saturated, additional guest molecules can-
not elicit a greater colour change. Consequently, there is an 
optimal range where the initial host colour is intense enough 
to be seen, yet the complexed ‘PFOS positive’ colour change 
is still perceptible as a combination of the host–guest colour 
and unbound host colour. 

The compatibility of host molecule 1 with a range of 
organic solvents was previously established,[22] and guided 
the preparation of the micelles. Because the density of the 
dispersed host 1 in the final aqueous solution will determine 
the colour and sensor capacity, a high solubility is essential. 
The solvent must also be compatible with the chosen surfac-
tants, and not impede the binding of PFOS. 

Micelle assembly conditions 

Tetra-substituted hydrophobic porphyrins have been suc-
cessfully encapsulated using a variety of different surfactant 
types,[40] so we initially explored the suitability of some 
common cationic, anionic, and non-ionic surfactants, with 
varied structural properties and CMC values (Table 1). 

The preliminary micelle assemblies were aimed at estab-
lishing how much sensor could be solubilised in an aqueous 
solution. This was determined by making an aqueous solution 
of a surfactant above the CMC, to which increasing volumes of 
a concentrated solution of host 1 in organic solvent was 
added, and the mixture sonicated for 30 min. Depending on 
the solvent type and choice of surfactant, coloured host solu-
tions could be made using 5–500 µL of host solution for every 
1 mL of aqueous surfactant solution. Generally, above this 
concentration there was precipitation (Fig. 2c), and below 
this concentration the colour was not readily visible. 

The assembly method of solubilising the host molecule 
was trialled using different techniques from the litera-
ture.[30,41,42] The most repeatable results were achieved by 
dissolving host 1 in minimal organic solvent (measured by 
weight), adding the required mass of surfactant, and stirring 
vigorously. Once the organic phase was homogenised, Milli- 
Q water could then be added dropwise to reach the final 
desired volume (Scheme 1). By allowing the final mixture to 

stir for 24 h, some residual organic solvent may evaporate, 
and any excess or unencapsulated host may precipitate.[43] 

All subsequent experiments were conducted at concentra-
tions of 1 and water volumes that did not result in precipita-
tion. The rate of water addition was important to produce a 
stable homogeneous solution. The water was added dropwise 
with stirring, as when combined all at once, or added too 
rapidly, the host was often dispersed as a precipitated solid. 

This method was trialled using various combinations of 
solvents and surfactants. Some surfactants were able to 
solubilise greater quantities of host in an aqueous solution, 
observed as a stronger colour intensity. From the screened 
conditions (Table 2), solutions of 1 with the surfactants 
TritonX-100, SDS, or CTAB assembled with the solvents 
dichloromethane (DCM) or acetone were the most stable 
and reproducible across a wide range of concentrations 
(see Supplementary material). 

Mixtures that were assessed to be homogeneous were 
analysed by UV–visible spectroscopy. The UV–visible 
absorption spectra of porphyrins are influenced by their 
environment.[44,45] A porphyrin assembly with a strong 

Table 1. A few of the surfactants used in this investigation and their CMC values.       

Surfactant Abbreviation Charge CMC (mM) Reference   

Sodium dodecyl sulfate SDS Anionic 8.2 [ 34] 

Hexadecyltrimethylammonium bromide CTAB Cationic 0.92 [ 34] 

TRITON™ X-100 TritonX-100 Neutral 0.23 [ 35] 

TRITON™ X-114 TritonX-114 Neutral 0.22 [ 36] 

Tergitol™ Tergitol Neutral 0.09 [ 37] 

Tween® 20 Tween 20 Neutral 0.06 [ 38] 

Tween® 60 Tween 60 Neutral 0.05 [ 39]   

(a) (b) (c)

Fig. 2. Comparison of host loading: (a) Homogenous aqueous 
solution of CTAB (1 mL, 2 × 10−2 M) combined with a solution of 
host 1 in dichloromethane (110 µL, 2 × 10−4 M) after sonication. 
(b) The separation and slight precipitation observed with an aqueous 
solution of CTAB (1 mL, 2 × 10−2 M) and host 1 in dichloromethane 
(500 µL, 2 × 10−4 M). (c) The significant precipitation observed with 
an aqueous solution of CTAB (1 mL, 2 × 10−2 M) and host 1 in 
dichloromethane (500 µL, 2 × 10−4 M) after sonication for 30 min.  
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self-interaction, such as a J-aggregate formation,[46,47] or 
the adsorption of the porphyrin to the exterior of a micelle, 
will result in a distinct red-shift in the Q-bands.[48] The 
UV–visible spectra observed were typical for porphyrin mole-
cules in micelles, in which there was a slight broadening of the 
Soret and Q-bands (Supplementary Fig. S5). This indicates that 
the host is in a similar solvent environment within the hydro-
phobic core of the micelle (Supplementary Table S1).[48,49] 

These experiments were performed across multiple concentra-
tion ranges to establish reproducibility of the assembly meth-
ods from different combinations of surfactants and solvents, 
while also confirming there were no shifts in UV–visible 
absorption due to dimerisation or aggregation of host 1.[50] 

Visual PFAS tests 

The preassembled micelle mixtures were combined with 
aqueous solutions containing PFOS (as the potassium salt, 

KPFOS) and were assessed visually and by UV–visible spec-
troscopy. In most instances there was a slight colour change 
visible to the naked eye that occurred immediately upon 
addition of PFOS (Fig. 3). The cationic systems were initially 
promising, but it was observed that the stability of the 
solutions were inconsistent across concentration ranges, 
temperature, and extended time periods (Supplementary 
Fig. S6). Modifications were made trialling different organic 
solvents, and DCM and acetone provided the most signifi-
cant visual colour change and shift observable in the 
UV–visible spectroscopic analyses when combined with an 
aqueous solution of the KPFOS salt. 

The anionic surfactant experiments using SDS were visu-
ally promising, but the UV–visible spectroscopic analysis 
indicated the perceived colour change was due to the pre-
cipitation of 1 in the presence of KPFOS (Supplementary 
Fig. S7). This was evidenced as increasing concentrations of 
KPFOS resulted in a decreased colour intensity and 

Table 2. Examples of a few combinations of surfactants and solvents, and corresponding micelle colour.           

C(Host) 
(mol/L) 

Surfactant C(Surfactant) 
(mol/L) 

Dispersal 
solvent 

Solvent 
ratio 
(wt%) 

Colour Response to KPFOS 

Colour 
change 

Precipitation Figure   

4.49 × 10−5 CTAB 1.80 × 10−3 Dioxane 0.5 
(201,194,175)

× × Supplementary 
Fig. S2 

1.98 × 10−7 CTAB 8.03 × 10−5 THF 9.9 
(164,127,075)

× × Supplementary 
Fig. S8 

2.00 × 10−7 CTAB 8.10 × 10−3 DCM 14.8 
(170,144,094)

× × Supplementary 
Fig. S6 

6.83 × 10−6 Tergitol 9.97 × 10−4 Acetone 0.4 
(181,157,141)

Supplementary 
Fig. S3 

1.59 × 10−5 TritonX-100 2.56 × 10−4 Acetone 20.0 
(178,157,131)

×   Fig. 3 

1.8 × 10−5 SDS 8.00 × 10−3 Acetone 8 
(156,146,130)

× × Supplementary 
Fig. S7   
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Scheme 1. Visual representation of micelle assembly. Minimal organic solvent is used to solubilise the host 1 before adding the 
surfactant. Water must then be added dropwise with stirring to produce a homogenous aqueous solution of the sensor.   
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corresponding precipitation. This is still an indirect indica-
tion of KPFOS concentrations, but it was not pursued further 
as decreases in colour are typically more challenging for the 
human eye to detect than a change in colour.[51] 

The non-ionic surfactant systems also showed shifts in the 
UV–visible spectrum upon the addition of aqueous KPFOS. 
The non-ionic surfactant TritonX-100 more readily solubi-
lised 1 in the assembly process, and the addition of KPFOS 
provided a colour change without precipitation. Notably, 
Tergitol was also successful at solubilising host 1 and pro-
viding a strongly coloured solution, but the addition of 
KPFOS did not provide a detectable colour change 
(Supplementary Fig. S3). A range of Tween surfactants 
were also trialled as neutral surfactant alternatives, but 
they were not compatible with host 1 as they resulted in 
immediate precipitation or phase separation. 

Micelle solutions using TritonX-100 demonstrated a col-
our change in response to KPFOS without precipitation, 
unlike the charged and other neutral surfactants. To assess 
the longer term stability of these solutions, aliquots of the 
prepared solutions were sonicated with concomitant warm-
ing, and left to sit for 24 h to confirm there was no precipi-
tation or change in the colour of the solution.[52] The 
effective assembly conditions used a solvent loading ratio 
of 0.5–20 wt% with the final TritonX-100 concentration 
being 2.0 × 10−4–5.8 × 10−4 mol/L, approximately the 
CMC value.[53,54] The host concentration could then be 

modified to suit the experiment parameters, constrained 
by the solubility of host 1 in the volume of organic sol-
vent used. 

RGB analysis from a mobile phone photograph 

In previous work, we utilised RGB information from mobile 
phone photographs to estimate PFAS concentrations.[23] 

This method used simple software (ImageJ, ColorX)[55,56] 

to measure RGB values and compare the difference between 
a spiked sample and the host solution. Other colour spaces 
may be used in image analysis, such as HSV, HSL, CYMK, or 
LAB. While each colour space has its own advantages and 
disadvantages, we chose RGB for its ease of use, interpreta-
tion, native integration into most imaging devices, and estab-
lished parameterisation methodology.[23] While other colour 
spaces were considered, and may ultimately be more useful 
for a mature sensor technique, the optimisation of the colour 
space was not a guiding motivation of the present study. 

To apply the RGB methodology, samples were prepared 
in disposable cuvettes by taking a known volume of micel-
lular host solution and combining it with a known volume of 
aqueous KPFOS solution. The images of the solutions were 
captured in a lightbox using an iPhone on a tripod to ensure 
repeatable and consistent lighting. The photographs were 
analysed using the ImageJ RGB Measure plugin.[56] Each 
colour was measured in triplicate and each colour channel 
value was averaged to ensure a representative colour was 
captured. The application of this method was challenged by 
the more disperse colour of the micelle solutions, but 
changes were still measurable, and could be differentiated 
further using simple RGB analysis. 

A colour is composed of three channels, R, G, and B, which 
are assigned values of 0–255. In previous work we have 
observed the host molecule to change differently across the 
three channels in response to perfluorocarboxylic acids.[23] 

The colour change in response to the addition of PFAS was 
previously found to be best captured when the RGB colour 
channels were parameterised, rather than through examining 
the change in each channel individually.[23] RGB colour space 
was chosen as it is a flexible and intuitive colour model that is 
readily accessible from the raw data of mobile phone photo-
graphs. For the purpose of investigation, the RGB colour 
information is also transformed into the CIELAB colour 
space so that the users perceptions of the colour change 
could be quantified.[57] 

Initially the range of colorimetric responses available 
were probed using a broader range of host–guest ratios 
with high concentrations of KPFOS. The reported concentra-
tions are from the volume of the final solution after the 
addition of the aqueous KPFOS sample (Supplementary 
Table S2). This indicated that the colour change was more 
readily detected at sub-stoichiometric ratios (Fig. 4). 

After observing the scope of colour change available 
above and below the saturation of the host, the sensitivity 

Fig. 3. Photograph comparing micellular solutions of 1 (6.8 × 10−6 M) 
with TritonX-100 (2.3 × 10−3 M) assembled in acetone without (left) 
and with (right) KPFOS (1.6 × 10−6 M, ~8 ppm).  
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of the colorimetric response was probed by an experiment in 
which the host concentration remained constant and the 
concentration of KPFOS was modified while maintaining 
equivalent dilution factors (Supplementary Table S3). This 
allowed for the colours of different concentrations of KPFOS 
to be directly compared to a single starting host colour. The 
change in the individual colour channels for each sample 
show that the lower concentrations of KPFOS result in a 
larger change prior to the saturation of the host (Fig. 5a). As 
the direction and magnitude of change in each channel 
differs, parameterisation can be useful for comparison of 
changes in the sample.[57,58] 

Although the hue, saturation, value (HSV) colour space 
has been previously shown to provide superior precision for 
colour change measurements, in our case it was observed 
that the colour changes were less distinguishable when 
compared to the magnitude and directional changes of the 

individual colour channels.[57] Instead, to represent this 
colour change as a single value, the response in each chan-
nel is portrayed as the relative proportion of the change in 
the total RGB value (Eqn 1).[59] The parameter is established 
by subtracting the initial colour from the sample colour to 
give a colour difference in each channel (see Supplementary 
material for further explanation): 

R G B
R G B

RGB Parameter = + +
+ +H H H

(1)  

The raw RGB values showed subtle changes between the 
starting host solution and KPFOS samples, predominantly in 
shifts in the blue channel (Fig. 5a). When applying the well- 
established colour parameter,[59,60] the host can be readily 
distinguished from the spiked samples (Fig. 5b). The RGB 
parameter provides clear discrimination between the con-
trol host solution and the samples containing KPFOS in a 
manner that could allow for a threshold ‘yes/no’ test to 
be developed. For practical applications, an established 
concentration of sensor would be calibrated to a chosen 
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concentration of KPFOS, and the corresponding change in 
the RGB parameter could be determined; in this instance an 
RGB parameter value above 0.08 would indicate a sample 
contains KPFOS at concentrations greater than 3 ppm. This 
would allow for a user to know if they were above or below 
a set contamination level or recommended exposure limit, 
using something as simple as a phone and an app. 

The RGB parameterised data allow for the numerical 
discrimination between contaminated and uncontaminated 
samples, but we were intrigued to understand how this 
would translate to visual recognition. The likelihood of an 
observer being able to distinguish between two colours can 
be assessed by the delta Empfindung, ∆E, values of the two 
RGB values.[61] When two colours have a ∆E value greater 
than two, they are typically considered different when 
viewed by an untrained observer.[62] The ∆E values for the 
control sample and KPFOS spiked samples (∆E1–KPFOS) were 
all significantly greater than two, as the sub-stoichiometric 
number of guest molecules facilitates a discernible colour 
change (Fig. 5c). Notably the difference between the colours 
of the KPFOS samples (∆EKPFOS–KPFOS) would not be percepti-
ble to the human eye, suggesting this method is more appro-
priately suited for threshold, or ‘yes/no’ detection, as the 
colours of different concentrations of KPFOS are not discern-
ible from one another. The colours of the KPFOS samples will 
be determined by the molar ratio of 1 to KPFOS, and more 
perceptible colour differences (∆EKPFOS–KPFOS) may be detect-
able when comparing smaller changes in KPFOS concentra-
tions, as here the sensor’s colorimetric response appears to 
be saturated at the lower concentrations (Supplementary 
Table S3). This suggests that someone from the general pop-
ulation would be able to identify the presence of KPFOS by 
eye using a micelle-suspended porphyrin solution for an 
aqueous sample containing KPFOS concentrations of 3 ppm 
(0.8 ppm in the final sample volume). Although these are 
promising results, the optical density of the solubilised host 
solution does not provide sufficient RGB disparity at lower 
PFOS concentrations. 

To optimise this platform for practical PFOS detection, 
established techniques, such as sample preconcentra-
tion,[63,64] or fluorescence spectroscopy,[65] could be used 
to enhance the limits of detection. Filtration in the precon-
centration step may also be necessary to remove particulate 
matter from complex real world sample matrices such as soil 
and surface water samples. 

Conclusion 

We have used a colorimetric porphyrin host molecule for the 
proof of concept demonstration of PFOS sensing using micel-
lular solutions. Micelle dispersions of the host porphyrin 
molecule allowed for aqueous solubilisation and provided 
opportunity for the sensor to interact with the potassium salt 
of the PFOS molecule. The micelle solutions are a potential 

platform for the detection of PFOS and its salts from water at 
parts per million concentrations. The choice of surfactant, 
solvent, and concentration were probed, showing that 
experimental design was key to a stable host suspension 
and colour intensity. The demonstrated colour changes in 
response to KPFOS highlight a micelle-solubilised porphyrin 
technique that may be applied for other systems. 

Experimental 

General equipment and sampling considerations 

Ideal materials to be used when preparing PFAS samples 
include polypropylene, high density polyethylene, PVC, 
stainless steel, and silicone. Some analysis methods require 
the use of materials that may adsorb PFAS (primarily glass). 
Glassware use was limited when possible, and it was 
acknowledged that it could have a minor impact on the 
effective PFAS concentration during analysis. Glassware 
that once contained PFAS material was not reused through-
out experiments. Materials that must be avoided to limit 
PFAS contributions to analysis include low density poly-
ethylene and polytetrafluoroethylene (Teflon). 

Materials 

PFOA (CAS# 335-67-1, 98%), and KPFOS (CAS# 2795-39-3, 
98%) were purchased from Sigma Aldrich Chemical Co. and 
used without further purification. SDS (CAS# 151-21-3), 
CTAB (CAS# 57-09-0), TERGITOL 15-S-9 (CAS# 68131- 
40-8), TRITONX-100 (CAS# 9002-93-1), TWEEN 20 
(CAS# 9005-64-5), and TWEEN 60 (CAS# 9005-67-8) 
were obtained from commercial sources and used without 
further purification. UV–Visible spectra were collected on an 
LLG-UNISPEC2 spectrometer at room temperature. α,α,α,α- 
5,10,15,20-Tetrakis[2-(perfluoroacyl)aminophenyl]-21H,23H- 
porphyrin), host 1, was prepared according to the previously 
reported methods.[22] 

General micelle assembly method 

Micelle assembly methods were modified from literature 
procedures.[30] The surfactant of choice was weighed out 
so the concentration in the final volume was above the 
reported CMC value. Host 1 and surfactant were then dis-
solved in minimal organic solvent, which was measured by 
mass. This mixture was vigorously stirred until dissolved 
and homogenous. MilliQ water was then added dropwise 
to reach the final desired volume. The mixture was left for 
24 h to check for complete host suspension. 

Example procedure 
TritonX-100 (0.012 g 4.79 × 10−1 mmol) and α,α,α,α- 

5,10,15,20-tetrakis[2-(perfluorooctanoyl)aminophenyl]-21H, 
23H-porphyrin) (0.003 g, 1.37 × 10−3 mmol) were dissolved 
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in acetone (1 mL, 0.78 g) with vigorous stirring. To the 
stirred solution, MilliQ water (200 mL) was added dropwise 
over 2 h. The mixture was stirred overnight at room tem-
perature. The solvent ratio was 0.4 wt%, [TritonX-100] =  
2.37 mmol/L, and [1] = 2.05 × 10−3 mmol/L. 

General RGB analysis method 

A Puluz® 20 cm portable light tent with moderate and dis-
persed white LED lighting was used to photograph samples 
using an iPhone camera on a fixed tripod. The automatic 
flash settings were disabled so there was no reflective inter-
ference on the sample vials. Samples were photographed 
together to ensure lighting conditions and settings were 
consistent. The photographs were analysed using ImageJ 
software according to published methodologies. Triplicate 
RGB values were chosen from areas of each sample at 
random to provide an ‘average’ RGB value.[56,57,66] The 
RGB parameterisation was calculated using literature 
methods.[23] 

Supplementary material 

Supplementary material is available online. 
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