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Abbreviations: IR, infrared spectra; MC, merocyanine; SP, 
spiropyran; UV, ultraviolet radiation

Introduction
Hybrid organic-inorganic materials are constituted by the 

combination of organic and inorganics compounds with a broad 
range of application and are an alternative for the production of novel 
multifunctional materials.1 These materials may be incorporated 
into a polymeric matrix, in conjunction with photosensitive or 
thermochromic molecules. Photochromism or the photochromatic 
effect is responsible for changing the colour of a material when 
exposed to a radiation source (UV and IR Spectra). The process 
is reversible and occurs through the light exposition, heating or 
chemical oxidation.2 Raditoiu et al.3 incorporated thermochromic 
materials in the silicon aiming at stabilizing the thermal cycle and 
provide protection against solar rays and/or heating to avoid the 
photodegradation. Several molecules have photosensitive with 
thermochromic proprieties, and in this work, Spiropyran molecule 
(1,3,3-Trimethylindolino-β-naphthopyrylospiran) will be explored 
(Figure 1).3 Spiropyran is a reversible photosensitive molecule which 
is transformed into a polar hydrophilic isomer, the structure may 
return to the original form after being heated up and/or exposed to 
ultraviolet radiation.2,4,5 Spiropyrans are adapted to two stable modes: 
(1) open ring state, called MC, and (2) closed ring state, called SP.4 
In this process that corresponds to a photoreversible and thermic 
process, MC may return to the original closed SP form due to heating 
and irradiation. During the reversion stage, notable changes in the 
molecule structure and charge distribution occur.4,5

Figure 1 Chemical structure of spiropyran (1) and merocyanine (2).4

Photo and thermochromic spiropyrans molecules properties not 
only depend on the chemical nature of each of the compounds but also 

on the interface and synergy between them.6 Since charge transfer has 
a key role in the photochromism of these materials, being important to 
increase the charge (electrons and protons) and the interactions between 
both components.7 In other inorganic thermochromic materials, the 
colour change process involves an order-disorder transformation in 
the molecule at a specific temperature.8 A new area of study with 
extreme relevancy is the wireless sensors. Millions of sensors feed 
data in communication infra-structures, supplying information for 
health indications, food quality, menace or danger.9 However, some 
activities require traditional sensors, limiting the use of wireless 
sensors, because is necessary periodical calibration, associated 
with changes on the active detection surface of the device.10 These 
sensors are commonly used in the chemical industry, to humidity 
measurements and gas concentration, such as carbon dioxide.9 Other 
examples are the coloration change at the electrochemical detection 
of pH, with difficulties in the implementation of wireless sensors.11,12

Discussion
One of the main limitations of the use of SP is the photodegradation 

regarding the sensorial system. Photosensitive materials are used in 
large scale on industries for the application of sensors and hybrid 
materials may interact improving its stability. These sensors are 
frequently used in equipment and products.13–15 The thermochromic 
and photosensitive sensor network may be applied for several areas 
as health indicators, food quality, heating of machines in industry 
and danger alarms.10 A large failing of this sensor occurs after the 
installation due to the constant calibration since changes occur on 
the sensor detection surface and may interfere with the measurement 
process. This process is complex and expensive and one of the 
solutions can be the use of thermochromic sensors. The most used 
photosensitive materials are the spiropyrans.16 This type of structure 
is not only activated by light and temperature but can be modulated 
to obtain several characteristics depending on the polymeric matrix 
used, as well as improved mechanical properties. However, the use 
of spiropyran has a limitation in the reversible detection, and the 
photodegradation is still an issue.6

Conclusion 
A sensor with a photochromic or photosensitive response based 

on functional structures can be used for temperature monitoring. 
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Abstract

Photosensor materials are used in large-scale in the industry. These sensors are 
often used in equipment or products in areas such as health indicators, quality of 
food products, heating of equipment in the oil and gas industry, by warning danger 
situations. Unfortunately these sensors are not stable at high temperature. In this 
way, hybrid organic/inorganic materials can be used to improve the stability of the 
photosensor materials. Thus, in this work we report and hybrid temperature sensor, 
applied in equipment with low access to directly monitoring temperature in several 
processes, by using 1,3,3-trimethylidolino-beta-naftoespiropyran (Spiropyran T0423) 
in the development of a hybrid thermochromic sensor that indicates visual temperature 
modifications. The results indicate good agreement with traditional sensor, as Pt 100, 
but with just chance colour evaluation. 
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The sensor can be applied to equipment or devices exposed to high 
temperatures, which can be used for alerting, such as motors, heat 
exchangers, circuit breakers, transformers and notebook processors. 
These thermochromic or photosensitive sensors may be applied 
as health indicators and food quality reporting, by SOUZA (2014), 
where the sensor was applied in a device operating 170ºC with good 
agreement if comprable to a conventional sensor, as Pt100.
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