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1. Full FHPS response to vapor exposure 1 

Supplementary Figure 1 displays the full Flory-Huggins Photonic Sensor (FHPS) optical response 2 

to ethanol (EtOH, a-a”), 1-propanol (1POH, b-b”), 2-propanol (2POH, c-c”), and to 1-buthanol 3 

(1BuOH, d-d”) vapors. At a first look, it is clear that for each alcohol the responses are rather 4 

complex and characterized by very different kinetics and spectral behaviors. However, these data 5 

allow to easily recognize one analyte from the others, also on the short timescale by themselves. 6 

In details, when exposed to EtOH the FHPS shows a response comparable to the one reported in 7 

Figure 1 for Methanol (MeOH). The sample photonic band gap (PBG) is initially positioned at 8 

~845 nm, while its second-order replica is at 429 nm (black line in Supplementary Figure 1a and 9 

Figure 1). Within 600 min of exposure, the two spectral features red-shift of ∆𝜆∞1 𝐸𝑡𝑂𝐻 = 153 𝑛𝑚, 10 

∆𝜆∞2 𝐸𝑡𝑂𝐻 = 64 nm, in agreement with the data observed for MeOH (Figure 1). The PBGs initially 11 

shift with higher velocity than at longer times, as observed in the optical sorption curve reported 12 

in Supplementary Figure 2a”. The analyte uptake increases until 𝑡 =325 min (18 min1/2 ). Then, 13 

the position of the PBG oscillates within less than one twentieth of 
∆𝜆𝑡 

∆𝜆∞
. This behavior can be 14 

assigned to the relaxation and rearrangement of the polymer chains from stresses associated with 15 

the swelling induced by the molecule intercalation, and has been described in literature.1 This 16 

phenomenon, has already been demonstrated for CA2, and it is known to slow down the permeation 17 

process. Indeed, the relaxation corresponds to a chain rearrangement, which results in a slower 18 

uptake rate owing to cooperative movements of polymer segments necessary to make larger 19 

volume changes. Under this condition the permeation mechanism leads to additional uptake of 20 

molecules with a first order kinetic and induces a non-fickian deviation of the sorption curve at the 21 

long time scale.3 A similar behavior is visible for all the other molecular species but for MeOH, 22 

which shows a continuous increase of analyte uptake until 
∆𝜆𝑡 

∆𝜆∞
~0.6, where saturation is reached 23 

(Figure 1). 24 

Concerning the exposure to 1POH, the kinetics is slower than that for MeOH and EtOH, and a 25 

PBG shift of ∆𝜆∞1 1𝑃𝑂𝐻 = 180 𝑛𝑚 ∆𝜆∞2 1𝑃𝑂𝐻 = 85 nm is reached within ~ 1500 min (Figure 1 b-26 

b”). In this case, the red-shift of the PBG appears almost monotone till t=600 min (√𝑡 >25 min1/2). 27 

Then, the curve starts being discontinuous. Indeed, the PBG shifts to the blue (decrease of 
∆𝜆𝑡 

∆𝜆∞
) 28 



3 

 

and then suddenly shifts again to the red part of the spectrum (increase of  
∆𝜆𝑡 

∆𝜆∞
, Supplementary 1 

Figure 1b’ and 1b”). This behavior has been assigned to slow intercalation kinetics, which swells 2 

the FHPS layers one by one from the top to the bottom of the sample.4,5  3 

In the case of exposure to 2POH, the PBGs reaches a red-shift of ∆𝜆∞1 2𝑃𝑂𝐻 = 182 nm and 4 

∆𝜆∞2 2𝑃𝑂𝐻 = 90 nm respectively within 600 min. The entire shift is characterized by a 5 

discontinuous behavior. Indeed, the stop-bands initially moves of ~50 nm on the long wavelength 6 

side of the spectrum, then suddenly shifts back to the blue in ~100 min (Supplementary Figure 1c’ 7 

and c”) and then move again to the red monotonically for 200 mins. At this time, the peak suddenly 8 

shifts of ~ 70 nm from 900 nm to 970 nm. Here the stationary condition is almost reached. Indeed, 9 

the sorption curve of Supplementary Figure 1c” approaches the plateau. At longer time, we notice 10 

other discontinuities in the PBG position assigned to self-stress relaxation.  11 

The exposure to 1BuOH displays a similar optical behavior with respect to 2POH. The PBGs 12 

undergoes the largest shift at the equilibrium conditions, which corresponds to ∆𝜆∞1 1𝐵𝑢𝑂𝐻 = 220 13 

nm and ∆𝜆∞2 1𝐵𝑢𝑂𝐻 = 100 nm. In Supplementary Figure 3c and c’, the position of the PBG moves 14 

to the red part of the spectrum discontinuously. After an initial shift from 845 nm to 861 nm, at 50 15 

min of exposure the peak suddenly shifts to 820 nm. Then, it linearly moves to 940 nm at ~300 16 

mins. At this time, the PBG starts oscillating within a 60 nm interval, corresponding to a  
∆𝜆

∆𝜆∞
 ~ 17 

0.25 in Supporting Figure 1c”. Last, for what concerns 1BuOH we notice again a discontinuity of 18 

∆𝜆𝑡 

∆𝜆∞
 at 50 min  (√𝑡  = 7 min1/2) and relaxation of the polymer chains after 890 min (√𝑡  = 17 min1/2, 19 

Supporting Figure 1d-d”). 20 

As reported in a previous work4 the optical response of the sensors is by itself sufficient to 21 

disentangle pure analytes without any further data elaboration. These systems are indeed promising 22 

for new generation colorimetric sensors with broad selectivity and tunable sensitivity and lower 23 

detection limit5 that does not require complex instrumentation and show responses that could be 24 

even detected by the naked eye.4,5  25 
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 1 

Supplementary Figure 1: Optical response of the FHPS during the exposure to (a-a”) EtOH, (b-2 

b”) 1POH, (c-c”) 2POH, and (d-d”) 1BuOH. a-d, Spectra on the FHPS sensor before (black line) 3 

and after (red line) the exposure. a’-d’, Contour-plots of the temporal response of the FHPS s. a”-4 

d”, Sorption curves retrieved from the spectral position of the first order PBG.  5 
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2. Assessment of interacting and barrier media  1 

The thicknesses of the PS and the CA single films casted on glass substrates were measured by 2 

light interferometry using an interference microscope GBS smart WLI with a 20x interference 3 

objective.6 The measurements were done placing the sample in a container with a small 4 

observation aperture, that does not allow full saturation with the analytes and forbid the 5 

measurements with low volatile compounds. On the other hand, it allows to gather qualitative 6 

information about the interacting layer of the FHPS with respect to volatile MeOH.  7 

Supplementary Figure 2 reports the polymer swelling as the percent variation with respect to the 8 

initial thickness value. The graph shows that when CA is exposed to MeOH (green dots), the layer 9 

doubles its thickness within the first 25 minutes of exposure. Conversely, when PS is exposed to 10 

MeOH, thickness varies within ±5% with respect to the initial value, that is the instrumental 11 

sensitivity. These data suggest that CA is the only polymer interacting with MeOH. Notice that 12 

the values obtained for these single layer are not comparable with those of the same polymers 13 

within the FHPS, where layer confinement constrains the swelling. Then, these measurements 14 

represent the upper limit for the swelling values.  15 
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Supplementary Figure 2: Measured PS and CA thicknesses during MEOH exposure by 17 

interference microscopy. 18 
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3. Evaluation of FHPS layer thicknesses 1 

The reflectance spectrum of the sensors used in this work has already been discussed in Figure 1. 2 

Over a more extended range the spectrum shows three maxima of reflection located at 845 nm, 3 

430 nm and 300 nm corresponding to the first order PBG and its two higher order replicas 4 

(Supplementary Figure 3). The spectrum background displays a Fabry-Perot pattern typical of 5 

DBR structures.  6 

All these spectral features were modelled using a transfer matrix formalism previously reported4,5 7 

with the refractive index of PS and CA reported in literature7 as inputs and the layer thicknesses 8 

as fitting parameters. For this elaboration, the spectrum was analyzed in the range between 290 9 

nm and 1150 nm to fit the largest number of diffraction peaks possible. The red line of 10 

Supplementary Figure 3 shows the calculated spectrum, in full agreement with the experimental 11 

data.  The fitting provides thicknesses of 160 nm for PS and 111.5 nm for CA before the exposures. 12 

These data were used to calculate the entire FHPS thickness, necessary for the evaluation of 𝒟𝑒𝑓𝑓 13 

(Eq. 5), which results 4232 nm.  14 
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Supplementary Figure 3: Experimental (black line) and calculated (red line) spectra of the FHPS 16 

sensors.  17 

  18 
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4. Operative sensing conditions 1 

Table 1 reports the operative temperature and analyte concentration. 2 

 3 

Supplementary Table 1: Operative condition used during the FHPS exposures 4 

 T (°C) Cvap (mg/l) 

MeOH 26.7 238 

EtOH 26.1 155 

1POH 26.0 72 

2POH 25.9 146 

1BuOH 26.8 30 

 5 

T = temperature, Cvap = vapor phase concentration. 6 

 7 

Supplementary Figure 4 compares the values of 𝐷𝑒𝑓𝑓 and ∆𝜆∞ with the analyte concentration. 8 
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Supplementary Figure 4: a) Retrieved value of 𝒟𝑒𝑓𝑓 (Eq. 7) for the five alcohols (■), alcohols 10 

concentration in the vapor phase (●) and ∆𝜆∞ (▲). 11 

 12 
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