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A B S T R A C T

Photochromism and thermochromism are interesting physicochemical phenomena applied in the chem-
istry, health and biology fields and others. Nonetheless, exploiting these chromo-switchable properties
in biosensing remains unexplored, and very few results have been reported in the scientific literature.
Along these lines, the rich mature knowledge of these phenomena supports the challenge of facing the
development of photo- and thermochromic bioanalytical systems. This work discusses potential ap-
proaches to exploit photochromism and thermochromism for biosensing, and it reviews the state-of-
the-art of these phenomena in the surrounding areas of biosensing in order to plot a stimulating scenario
for innovation.
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1. Introduction

Photochromism and thermochromism are phenomena by which
matter switches its colour as a response to electromagnetic radi-
ation and thermal stimuli, respectively. These processes are driven
by compounds that lead to light- and heat-induced changes between
two states with different absorption spectra [1]. Photochromism and
thermochromism can be found in nature. For instance, chameleon
diamonds (high nitrogen content natural diamonds) undergo a ther-
mally induced colour switch that reverses under darkness conditions

[2]. Besides, in living organisms, visible light absorption of retinal
bound to opsin proteins gives rise to a photochromic isomerisation
that triggers the enzymatic pathway of the vision cycle [3].

Intense research has focused on the design and synthesis of
photo- and thermochromic systems, which have provided broad
knowledge in this field [4]. Moreover, the development of smart func-
tional materials by integrating these switchable compounds into
different environments has had a significant impact on industry. Thus
many commercial products based on these technologies can be found
in applications that range from ornamentation to data storage [5].

From the analytical chemistry point of view, many studies have
addressed the development of chemical sensors based on photo-
chromism, mostly for sensing inorganic ions [6]. However, photo-
and thermochromism in biosensing remain unexplored. Someworks
that used these phenomena in biological systems and medical

* Corresponding author. Tel.: +34 96 387 70 07 Ext. 73415; Fax: +34 96 387 93
49.

E-mail address: amaquieira@qim.upv.es (Á. Maquieira).

http://dx.doi.org/10.1016/j.trac.2015.11.021
0165-9936/© 2015 Elsevier B.V. All rights reserved.

Trends in Analytical Chemistry 79 (2016) 37–45

Contents lists available at ScienceDirect

Trends in Analytical Chemistry

journal homepage: www.elsevier.com/ locate / t rac

mailto:amaquieira@qim.upv.es
http://dx.doi.org/10.1016/j.trac.2015.11.021
http://www.sciencedirect.com/science/journal/01659936
http://www.elsevier.com/locate/TRAC
http://crossmark.crossref.org/dialog/?doi=10.1016/j.trac.2015.11.021&domain=pdf


applications are found in the bibliography, but they rarely point to
biosensing or claim specific potential in this field. Indeed very few
studies that directly deal with photo- and/or thermochromic
biosensing systems have been reported.

The physicochemical phenomena involved in transduction
strongly determine the application field of a sensor system and the
nature of the analytical information that can be obtained from the
sample under study. From this perspective, exploring biosensing ca-
pabilities of photo- and thermochromism is an interesting challenge,
whose potential is supported by the scientific and industrial rele-
vance of these chromo-switchable systems.

This paper focuses on thermo- and photochromism for biosensing.
In addition to reviewingworks that have directly dealt with these phe-
nomena for bioanalysis, an overviewof the studies that report chemical
sensors (non-biosensors), biological systems,medical applications and
technological developments is presented.Moreover, new strategies are
proposed anddiscussed throughout, including experimental results and
significant bibliographic references that support the potential of these
approaches. The criteria followed in this review seek to include rele-
vant studies and strategies fromdifferent scientific areas in order to plot
a scenario fromwhich to outline a trend towards the development of
photochromic and thermochromic biosensors.

The manuscript contains two sections: molecular and supra-
molecular systems; photochromic and thermochromic technologies.
The first part offers a brief introduction to the main chemical and
biochemical approaches of photochromism chemistry, and surveys
on studies into biosensing surroundings. The second part reviews
different thermo- and photochromic technological approaches, and
highlights their bioanalytical capabilities.

2. Molecular and supramolecular systems

The design of photochromic molecules is an active scientific area
that typically involves several families of compounds, such as
azobenzenes, spiropyrans and diarylethenes [7]. These molecules

switch between two isomeric formswith a different absorption spec-
trum under UV and visible light exposure (Fig. 1A). Moreover,
assembling photochromes and fluorescent structures in the same
molecule leads to photochromic compounds in which the light-
activated isomerisation of the photochrome modulates the
fluorescent behaviour of the fluorophore [9,10].

By linking specific receptors that modify photochromic behaviour
after analyte binding, these photochromes have applications in chem-
ical sensing. Table 1 lists representative examples of photochromic
chemical sensors for different kinds of analytes. Along these lines,
several papers address the review of molecular photochromic com-
pounds for chemical sensing, including a in-depth description of the
mechanisms involved in these systems [1,6,7]. From the analytical
point of view, it is worth highlighting a recent review by Song and
coworkers, which comprises an interesting section about multi-
analyte discrimination [20].

Photochromic sensors have been widely studied to determine
metal ions by modifying photochromes with moieties for selec-
tive recognitions [11,12], typically electron-rich groups (containing
N, O or S atoms), crown ethers and calixarenes [6,20]. Moreover,
many studies have addressed photochromic molecular sensors for
inorganic anions. Structural changes in spiropyran derivatives after
CN− nucleophilic addition [14] or after pyrophosphate (PPi) coop-
erative ligation interactions [15] are some examples of the chemical
mechanisms that take place in these systems.

Regarding biosensing, some works have dealt with the modifi-
cation of photochromes for sensing molecules involved in biological
processes. For instance, Yang and coworkers reported a spiropyran
that was modified with nitro groups for glutathione (GSH) sensing
[17]. The thiol group of the peptide undergoes nucleophilic sub-
stitution and induces the isomerisation of the photochrome, which
generates a spectral change from slightly yellow to orange-yellow.
As an example of biomacromolecules detection, Tao et al. de-
signed an electrochemical sensor for β-galactosidase (β-gal) by
including a galactose molecule in the spiropyran structure [18]. This
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Fig. 1. (A) Chemical structures and photochromic switches of azobenzenes (I), spyropirans (II) and diarylethenes (III). (B) Data storage system based on the photo-
switching properties of the photochromic green fluorescent protein. Reprinted by permission from Macmillan Publishers Ltd: [Nature] [8], copyright (2011). (C) Scheme of
the photochromic control of the conformational state of a peptide. Reprinted by permission from Wiley-VCH Verlag GmbH&CO (Chem. Eur. J. 2012, 18, 9834–9840), copy-
right (2012). (D) Images of Caenorhabditis elegans biological control by photochromism. Adapted with permission from (J. Am. Chem. Soc. 2009, 131, 15966–15967). Copyright
(2009) American Chemical Society.
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