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DYNAMIC COLOUR OF CHROMOGENIC MATERIALS 
 

Marta Klanjšek Gunde 

National Institute of Chemistry, Ljubljana, Hajdrihova 19, Slovenia 
marta.k.gunde@ki.si 

 
Abstract: 
Chromogenic materials change colour due to some stimulus. They are increasingly applied in the 
so-called smart applications where the change of colour is used. Two examples of such 
applications are presented, electrochromic windows and thermochromic printing inks.  
Active component in many switchable smart windows is a thin layer of electrochromic material. 
Most frequently WO3 is applied, which changes reversibly from colourless to deep blue state, 
when a constant current is provided in one or reverse direction. It permits the ability to control the 
light passing through. The variable transmittance influences colour rendering of the incoming 
daylight. The appearance of coloured objects in the interior could be strongly distorted at higher 
coloration states of such windows. 
Thermochromic printing inks have become increasingly important for various smart applications 
in graphic art such as smart packaging and security printing. The colour of such inks depends 
reversibly on chemical reactions between active components in pigment capsules. The colour of a 
sample does not depend only on temperature, but also on thermal history – such a system has a 
memory. The phenomenon is colour hysteresis. 
Advanced application of chromogenic materials needs careful colorimetric characterization. 
 
Keywords: chromogenic materials, electrochromic switchable windows, variable lighting, 
thermochromic printing inks, microcapsules, hysteresis, reversibility, variable colour. 

INTRODUCTION 

Chromogenic materials are classified according to the stimulus that initiate colour change 
as thermochromic (stimulus: heat), photochromic (stimulus: light), electrochromic (stimulus: 
electric charge), piezochromic (stimulus: pressure), halochromic (stimulus: pH), biochromic 
(stimulus: biochemical reaction). Most phenomena are reversible. The change of colour can be 
initiated, therefore the application is regarded as a smart action. The properties of two different 
applications of chromogenic materials are presented here, electrochromic (EC) and 
thermochromic (TC).  

A thin WO3 layer changes its colour continuously from deep blue to colourless in a 
persistent and reversible manner through an electrochemical reaction. It is driven by a small 
electric current at dc potential of a few volts, while no energy is required to maintain a particular 
shade. Such a window system is called a switchable or “smart” window. It controls the amount of 
light and heat passing through the window which therefore can respond appropriately to different 
external environmental conditions – e.g. control daylight and thermal conditions in modern 
buildings. However, the variability of the visible light crossing an EC window has large 
consequences on colour rendering in the interior. The variable optical properties of switchable 
windows cannot be sufficiently described by single-numbered figures, such as the correlated 
colour temperature (CCT) or the colour rendering index (CRI). Instead the colour variations in 
the CIELAB colour space were proposed to describe this effect better [1]. We also explain how to 
represent these complex colour rendering effects and how it is possible to predict the perceived 
colours of a multicoloured scene when illuminated by a continuously variable lighting [2]. 

Reversible TC materials usually consist of at least three components: colour former, colour 
developer and solvent [3]. The colour change occurs via two competing reactions, one between 
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dye and developer and the other between solvent and developer. The first prevails at lower 
temperatures where the solvent is in solid form coloured dye-developer complexes are formed. At 
higher temperature the solvent melts, solvent-developer interaction dominate, dye-developer 
complexes are destroyed and the system converts into its colourless state. The application 
possibilities of such composite are fully enabled by microencapsulation. Each microcapsule, the 
so-called TC pigment, contains the entire system required to reproduce the dynamic colour. A TC 
printing ink is a mixture of such capsules and a suitable binder. They have become increasingly 
important in smart packaging, security printing and marketing activities. Some properties of red, 
blue and black leuco dye-based TC inks with an activation temperature of 31°C are shown here. 
Special attention is devoted to the dynamic colour and the reversibility of the TC process [4]. 

MATERIALS AND METHODS 

Electrochromic windows 

High-performance glazing unit with good thermal resistance usually consists of at least 
three glass panes, the outside pair bear the active (switchable) unit whereas the interior pane has a 
low-emittance (low-e) coating which transmits visible light but reflects infrared and ultraviolet 
solar energy (Fig. 1). The gap between the active unit and the low-e glass is often filled with 
noble gases (Argon) instead of air to reduce thermal conductivity. A five-layer EC active unit 
consists of a thin EC active layer, electrolyte, ion storage layer, and transparent conductive oxide 
(TCO) layer on the top and bottom side of the structure. These layers are deposited on glass panes 
with transparent conductive oxide layer (Fig. 2).  

The present study was done on laboratory-made EC active unit (EC device) where all layers 
except of TCO were made via solgel processing [5]. The EC device was coloured by applying a 
constant current of 0,1 mA/cm2 for different time periods. This way the amount of charge 
intercalated into the EC layer was controlled, which is proportional to the optical density of the 
EC layer. The transmittance spectra of the EC window were measured in its bleached, coloured, 
and some intermediate states. They were used to calculate variable indoor lighting where the 
average daylight passes through switchable window. This dynamic light was applied to study the 
change of colours of indoor objects observed under such variable lighting. The D65 illuminant 
and 10°standard observer were applied to study variation of object colours in CIELAB colour 
space [6].  

                     

Figure 1. A scheme of a switchable window.        Figure 2. A scheme of an EC active unit at colouring process. Layer 
thickness is not to scale. 

i
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Thermochromic printing inks 

Colorimetric properties of three commercially available UV-curable screen printing inks 
were studied here. The UV TCX (Coates Screen Inks GmbH, Germany) in red, blue and black 
shades were used. They have activation temperature of 31°C. The inks were screen-printed over 
OBA-free (without optical brighteners) gloss coated paper (150 g/m2) by high-modulus 
monofilament polyester mesh 120/34Y. The samples were UV cured with curing energy of 
approximately 400 mJ/cm2. Dry samples were monitored by optical microscope in bright and 
dark fields. Spectral reflectance was measured using Lambda 950 UV-VIS-NIR 
spectrophotometer (Perkin Elmer) under (8°:di) measuring geometry. The samples were 
heated/cooled on the surface of water block (EK Water Blocks, EKWB d.o.o, Slovenia) by 
circulation of thermostatically controlled water in channels inside the block. Reflectance spectra 
were measured on heating from the lowest to the highest temperature and then on cooling back to 
the lowest one. A slow heating/cooling rate was applied, about 0.5 °C/min. Colorimetric 
parameters were calculated in the CIELAB colour space, under D50 illumination and 2° standard 
observer. Colour differences were calculated using the CIEDE2000 colour difference equation 
[6]. 

RESULTS 

The transmittance spectra of the EC window in its bleached, coloured, and some 
intermediate states are presented in Fig. 3. They multiply the spectral power distribution (SPD) of 
the light passing through from the outside. The modified light was applied as illuminant for 
interior objects. In these calculations multiple reflectance of the light inside the room was 
neglected. It was supposed that their contribution to colour effect could be neglected. The 
reflectance data of eight basic and six additional Munsell colour chips applied as CIE test-colour 
samples in colour rendering of light sources were used [7]. As the transmittance of the window 
changes, each surface colour moves along a path of the CIELAB space with different directions 
and distances (Fig. 4). Some objects change their colour to a great extent and the corresponding 
colour differences may far exceed the largest value proposed by any of the colour matching 
standards; but these standards do not consider time-dependent variations and the colour-rendering 
problem of illuminated light.  
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Figure 3 . Transmittance spectra of the EC 
device in its bleached, coloured, and some 
intermediate states. The amount of the charge 
intercalated into EC layer is given. 

Figure 4.  Changing of colours of CIE test-colour 
samples illuminated by D65 illuminant through the EC 
switchable unit in the (a*, b*) plane of CIELAB colour 
space. Colours caused by the bleached state of the EC 
unit are shown by stars. 
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The three applied TC inks have similar round-shaped pigments (Figure 5). They lose their 
colour during heating and regain it during cooling. The discolouration occurs at smaller 
temperatures that the colouration (Fig. 6). It shows that the colour of a TC sample does not 
depend only on temperature, but also on thermal history. The system has memory – the output is 
not possible to be predicted without the path that it followed before the current state. This 
phenomenon is called hysteresis. The activation temperature (TA), specified by producer, do not 
mean a special point of the TC colour change. The degree of reversibility of TC colour change 
depends on the highest temperature applied at heating. The effect was evaluated by total colour 
difference between the same sample at starting heating and after finishing cooling at the same 
temperature.  
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CONCLUSIONS 

Advanced application of chromogenic materials is feasible after careful colorimetric 
characterization. The two electrochromic and thermochromic examples were shown here.  
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Figure 6.  Temperature dependence of the 
CIELAB L* values of the three TC samples at 
heating (solid signs) and cooling (open signs). 

Figure 5.  Photomicrograph of the black TC sample 
in the dark field. 
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