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Abstract. The possibility to evaluate the molecular diffusivity in polymer thin films used for packaging
and device encapsulation directly in-situ would represent a paradigm changer in the assesment of barrier
properties and of air quality. Indeed, employing the packaging itself as a smart sensor could lead to waste

reduction and mitigate food poisoning effects. In this work, we demonstrate a new technique that exploits
simple UV-Vis reflectance spectroscopy to identify the kinetic of diffusion of small molecules in the vapor
phase through polymer thin films and polymer multilayered structures. The new method allows then to

assess the presence of the analyte in air and its diffusion coefficient in agreement with gravimetric data

reported in literature.

1 Introduction

Diffusion coefficient of vapor molecules through
polymeric films is usually determined by methods such
as gravimetry!!! and pressure decay,[2] or by optical
techniques like microscopy,” infrared spectroscopy,[4]
and refractive index variations.[5S] These techniques
remained substantially unchanged for the last decades
and currently do not allow fast and in-situ
measurements. Moreover, when only a small amount of
polymer is available more sophisticated approaches
including NMR, and neutron reflectometry are required.
[6-8] Assessing diffusive processes in polymer used for
packaging materials is then a serious issue. Indeed, most
polymers can absorb large amount of solvents,
degradation byproducts, pollutants, and moisture
promoting additive and plasticizer migration and release.
This phenomenon can reduce the barrier properties of the
packaging itself and contaminate food.[9] As a
consequence, low-cost, and simple methods for the
characterization of packaging properties is interesting
from technological and safety point of views. To this
end, polymer distributed Bragg reflectors (DBRs) made
of thin films have shown large pollutants absorption that
result in an optical response with kinetics depending on
the pollutant themselves (Fig. 1) .[10-20] While these,
and other solution processed structures are commonly
used for light control applications such as for
switchers,[21,22] photovoltaics,[23] lighting,[21,24-27]
and lasing,[11,16,28,29] their use as sensor is a recent
discovery that is opening new prospects for photonics
and new methods applicable also to non-structured
polymer films.[11]

Fig. 1 schematizes a DBRs made of media with
different refractive index alternated periodically to
generate a dielectric lattice. When light impinges on
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these structures, the formation of frequency regions
where light propagation is forbidden generates photonic
band gaps (PBGs) that can be measured via simple UV-
Vis reflectance[30] as maxima in the DBR spectrum
(Fig. 1b, green line). The background of the spectrum of
these structures is instead dominated by an interference
pattern, that is also typical of transparent thin film with
small surface roughness. The properties of these spectral
features are subjected to the modifications of the lattice
components refractive index and thicknesses.[31]
Consequently, perturbing these parameters affects the
entire spectrum, and the spectral variations can then be
related to stimuli such as pressure variations,[32]
chemical analytes,[14,15,33] and pH.[34] The red line of
Fig. lc displays the typical response of a polymer DBR
spectrum after intercalation of an analyte. Such
variations usually consist in the red shift of the PBG due
to the swelling of the polymer components. Notice that,
in this case, the spectral position of the PBG shifted from
the green region of the spectrum to the red one, allowing
a simple colorimetric response.

Interestingly, the kinetics of these optical responses
allows to retrieve information on the polymer-analyte
interactions. For instance, optical sorption curves can be
obtained tracing the PBG during exposure to analytes.
Such curves can then be treated as gravimetric data[35]
obtaining values of molecular diffusion coefficients
comparable with those reported in literature.[10,35] This
is possible thanks to the chemico-physical interactions
between polymer and molecules that rules their
diffusion, and also allow to identify the molecular specie
without using any chemical target.[10,20] Here, we
demonstrate that such method can be applied to the
interference pattern of DBR, thus making the method
suitable to any polymer thin film. For this purpose we
expose a DBR made of cellulose acetate and polystyrene
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to methanol vapor and extract optical sorption curves
from both the PBG and the interference pattern.
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Fig. 1. a) Scheme of the behavior of a DBR exposed to
vapor molecules. b) Typical optical response of a DBR
(green line), and the same sample after vapor exposure
(red line).

2 Experimental Methods

The DBRs were spun-cast from cellulose acetate (CA)
solution in diacetone alcohol and polystyrene (PS) in
toluene as described in previous works.[14,15] For all
the samples reflectance data were collected during
exposure to pure methanol vapor as previously
described.[14]

3 Results and Discussion

To demonstrate that this simple method can be
applied to unstructured polymer films, Fig. 2 reports the
optical response for a DBR made of 10 bilayers of PS
and CA with total thickness of about 4 pm and compare
it with the response. In Fig. 2a, the DBR PBG is initially
positioned at about 840 nm before the exposure to
methanol vapor, after which it undergoes a remarkable
shift to 950 nm. Interestingly, also the interference
pattern shifts during the exposure. Indeed, such pattern
arises from reflection phenomena occurring at the
external DBR interfaces, and then it reflects the global
thickness variations occurring in the sample. Comparing
the normalized spectral positions of the PBG and of
three relative maxima of the interference, we notice that
the retrieved curves are perfectly superimposable (Fig.
2b). Indeed, from these curves identical effective
diffusion coefficients, that is D= 2.5*10% cm?s in
agreement with literature gravimetric data is obtained.
2337 Such value demonstrated that the process can be

potentially applied to any unstructured polymeric film
showing an interference pattern. Notice that the nice
similarity between the curves allow to perform the
measurements in any part of the UV-Vis spectrum
making the method also suitable for non-transparent
materials.
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Fig. 2. Optical response of PS:CA DBR to exposure to

methanol vapors. (a) Spectra collected before (green

line) and after (red line line) the exposure. (b) Optical

sorption curves extracted for the sample.

3 Conclusions

We demonstrated that the simple UV-Vis analysis
allows of DBR interference pattern allows to assess the
presence of vapor pollutant in the vapor phase and to
retrieve optical sorption curves. The curves are retrieved
tracing the maxima of the interference pattern during
exposure to the vapor and allows to easily determines
molecular diffusion coefficient in agreement with
gravimetric data retrieved from literature using classical
data analysis.
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