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Introduction

Intelligent textiles can be defined as textiles that are able to 
sense and analyse a signal and respond and adapt to it in 
an intelligent way [1]. Our clothing may be considered as a 
medium and an interface between us and the environment. 
Considering the large possibilities offered by these new 
materials, extraordinary applications can be imagined. One 
of them is the idea of a colour-changing textile. To this end, 
chromic materials can be very useful. Chromism is the ability 
of a material to change its colour according to a stimulus [2]. 
Colour-changing textiles have various and high value potential 
applications. Nevertheless, their lifetime is a key issue that 
may limit their potential. The main objective of this article is 
to study this lifetime in order to get a better understanding 
of phenomena related to it and possibly to improve this 
performance in the future. This colour change occurs either 
from one colour to another or from a colourless state to a 
coloured state. Moreover, chromic phenomena are reversible. 
Different chromisms are defined after the different stimuli that 
cause the change, such as thermochromism for change caused 
by temperature, photochromism for a change caused by light 
or electrochromism for the ability of a material to change its 
optical properties when an appropriate electrical potential is 
applied across it [3]. 

The optical properties of the electrochromic material are 
linked to its oxidation state and hence can be manipulated by 
the oxidation–reduction process through the loss or gain of 
electrons number. The required voltage for an electrochromic 
colour change is very low. The colour remains even when the 
current has ceased to flow (the so-called «memory effect» [4]) 
and the colour change is reversible when the inverted potential 
is applied. Existing applications of the electrochromic materials 

are mostly in a range of automotive and architectural industries, 
e.g. rear-view mirrors for cars and smart windows. Studies [5] 
show that the use of an electrochromic smart window can save 
up to 50% of the energy used for air conditioning per year. The 
advantages of electrochromism are its large colour palette [6], 
very low amount of energy required and visible colour change 
in every position.

Generally, an electrochromic device is composed of seven 
layers, as seen in figure 1a [7]. Glass is used as a mechanical 
support. Two electrodes provide electricity to the structure; at 
least one of them has to be transparent in order to allow the 
colour change to be visible. The storage film contains ions, 
which then are labile in the electrolyte. The electrochromic layer 
is the colour-changing component. Recent projects undertaken 
by the GEMTEX laboratory [8-10] have led to the development 
of a new electrochromic structure, whose number of layers 
has been reduced to four, as seen in figure 1b. In order to 
get a flexible structure, a flexible plastic layer coated with a 
conductive polymer can be used. Because of its electrically 
conductive properties, in addition to good transparency, 
polyester thin film coated with indium tin oxide (PET-ITO) has 
been chosen for our structure. The electrochromic material is 
mixed with the electrolyte, and the solution is stored in a textile 
substrate. 

The lifetime of electrochromism is one of the most important 
factors that need to be improved, and therefore understood, 
in order to allow its larger diffusion and use. A fast degradation 
of the electrochromic effect of our textile device has already 
been observed using colorimetric measurements in the CIE 
L*, a* and b* space. Hence, we voice the hypothesis that a 
degradation of the electrolyte properties may participate in the 
degradation of the colour change, through a loss of conductivity. 
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To this purpose, the present article explicates the study made 
on the electrical performances of the electrolyte used in a four-
layer electrochromic textile device. 

Experimental

Materials and methods

For every structure, a 100% cotton white fabric (112 g/m²) 
provided by Tissus Hallynck in Roubaix (FR) was used as the 
textile substrate. The method proposed by Ding et al. [11] was 
used to prepare an electrolyte that can be photo-polymerised 
to form a sol-gel. The electrolyte solution is composed of 10 g 
of propylene carbonate, 10 g of poly(ethyleneglycol) diacrylate 
(Mn=700), 2 g of lithium trifluoromethanesulphonate and 35 mg 
of 2,2-dimethoxy-2-phenyl-acetophenone. All chemicals were 
purchased from Sigma-Aldrich. The electrochromic monomer 
dithieno(3,2-b : 2’,3’-d)thiophene (DTn(3,2-b:2’,3’-d)Th) 
(C8H4S3, 97 %) and PET-ITO films, with a surface resistivity 
of 60 Ω/sq, were purchased from Sigma-Aldrich. In order 
to eliminate the influence of the electrochromic material, a 
structure using the pure electrolyte, without electrochromic 
material, was employed. A homogeneous surface contact 
between the electrolytic solution applied into the textile 
substrate and the electrode is obtained when the textile is 
saturated with the solution: around 400 g/m² was applied. 
The photo-polymerisation of the electrolyte was carried out in 
a light box (VeriVide CAC 60, UV light 18 W) for 15 minutes, 
6 cm away from the lamp, at room temperature. To form an 
electrochromic device, 2.5 wt% of the electrochromic monomer 
powder is mixed with the electrolyte and applied by pipette in 
the textile cotton substrate. The mixture diffuses in the textile 
substrate. The electrochromic monomer is then electrically 
polymerised by applying +3 V for 30 seconds across it.

We voice the hypothesis that the electrolyte has a variable 
resistance, dependant of the electrical potential applied across 
it and the length of this application. In order to get perfectly 
reliable data, the electrical resistance of the electrolyte is not 
directly measured. A constant resistance is inserted in the 
circuit. The emitted potential and the potential across this 
constant resistance are measured, as seen in figure 2. From VEL 

the potential across the electrolyte, VG the potential applied by 
the generator, VR the potential across the constant resistance 
and i the current, we have:

So, according to Ohm’s law:

A signal alternatively switching from a positive (+5 V) to 
negative (-5 V) potential values every 30 seconds is sent by 
the generator. The variation of the generator and constant 
resistance potentials are measured using a Keithley KUSB 
3100 data acquisition module by Keithley Instrument. 

To measure the influence of photo-polymerisation on colour, 
colorimetry measurements have been carried out with a 
spectrophotometer (Spectraflash SF600 Plus by Data Color 
International). A signal alternatively switching from a positive 
(+5 V) to negative (-5 V) potential value every 30 seconds is 
sent to the measured electrochromic device. Automatic colour 

Figure 1. Rigid (a) and flexible (b) electrochromic devices

 

                           

   
  

          
                                 

   
  
     

                                                             

 

                           

   
  

          
                                 

   
  
     

                                                             

Figure 2. Electrical circuit
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measurements are carried out with a measurement frequency 
of 0.2 Hz. The L*, a* and b* coordinates have been analysed in 
the CIE L*, a* and b* space.

In the CIE L*, a* and b* space, Cartesian coordinates L*, a* 
and b* represent three components of the colour. L* is the 
lightness coordinate from 0% (black) to 100% (white); a* and b* 
coordinates are colour-opponent dimensions: from green (-a*) 
to red (+a*) for the a* axis and from blue (-b*) to yellow (+b*) 
for the b* axis. Every colour can be represented by one point. A 
colour change between two points is then logically a segment 
and can by calculated by:

Results and discussion

Colorimetric measurements

Ageing of the electrochromic effect

Figure 3a and 3b represent the CIE L*, a* and b* colour 
variations of the electrochromic textile device when ±5 V are 
applied successively every 30 seconds. The oxidised state 
of the textile electrochromic device is initially green, and the 
reduced state is initially red. However, as observed in figure 3b, 
after 50 minutes of test, both states are darker and browner. The 

obtained colours are darker (L* decreasing) and less intense 
(|a*| and |b*| decreasing). The a* coordinate, representing the 
green/red variations, remains positive after the first cycles, 
which means that the colour turns more red than green. Finally, 
the difference in colour between the oxidised and reduced 
states is, importantly, decreasing. Multiple parameters may 
influence this colour degradation. Here, the influence of the 
electrolyte electric properties will be observed.

Electrical measurements

Capacitor behaviour of the electrolyte

Figure 4 presents the evolution of the electric potential for the 
generator, constant resistance (R) and electrolyte (EL). The 
constant resistance of the circuit is R = 1.435 MΩ. It has been 
chosen after preliminary experiments to be in the same order 
of resistance value of the electrolyte. The observed potential 
across the electrolyte does not instantly follow the generator 
potential. This phenomenon can be explained by the formation 
of electric double layers on the both faces of the electrolyte 
[12].

An interesting point that needs to be explained is the fact 
that at every potential switch (from +5 V to -5 V or from -5 V 
to +5 V), the constant resistance potential is superior to the 
emitted potential for approximately 5 seconds (see point A in 
figure 4). This is due to the potential difference between the 

 

                           

   
  

          
                                 

   
  
     

                                                             

Figure 3. L*, a* and b* coordinates of the colour of the EC device using DTn(3,2-b:2’,3’-d)Th (a) for 5 cycles and (b) for 50 cycles
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electrode and the electrolyte. The potential difference between 
the negatively charged electrode (excess of electrons) and the 
cations at one electrode, and the positively charged electrode 
(lack of electrons) and the anions at the other electrode is 
added to the potential emitted by the generator. For the first 
half-cycle, when the electrolyte-capacitor is not charged yet, 
the constant resistance potential is indeed below -5 V (see 
point B in figure 4).

To ascertain that the capacitor effect effectively comes from the 
electrolyte, the same measurement was carried out, replacing 
the electrolyte by a constant resistance R2 = 200 kΩ and using 
a constant resistance in the circuit R1 = 400 kΩ instead of R. 
Results indicated in figure 5 confirm that the capacitor effect is 
from the electrolyte.

The time for total charge and discharge of the electrolyte-
capacitor is measured by applying a constant positive (for 
charge) or negative (for discharge) voltage across it and is 
approximately 3 minutes.

Resistance variation of the electrolyte

In order to evaluate the influence of time on the electric resistance 
variations of the electrolyte, ±5 V is applied across the electrolyte 
structure for 30 seconds for a total measurement of 50 minutes. 
The constant resistance of the circuit here is R = 1.435 MΩ. 
Considering that the values obtained for the positive applied 
voltage are more regular than those obtained for the negative 
voltage, the resistance variations are exposed only for a +5 V 
potential application. The resistance of the electrolyte is observed 
to increase at every potential application, from 0.007 MΩ to 1.210 
MΩ at the first cycle and from 0.009 MΩ to 1.517 MΩ at the 50th 
cycle. The average resistance of the electrolyte also increases 
during the entire measurement time, as seen in figure 6.  

The average resistance of the electrolyte, as observed in 
figure 6, increases 18% in 50 minutes, i.e. 50 cycles. Increase 
of resistance corresponds to a decrease in the conducting 
properties of the electrolyte. This phenomenon is traduced, in 
a physical way, by a slowed down movement of the electrons. 

Figure 4. Potentials with the electrolyte	      Figure 5: Potentials with a constant resistance

Figure 6. Electrolyte average resistance increase for 50 cycles
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Yet, the electrochromism colour change phenomenon is linked 
to the electron exchanges through oxidation and reduction. 
Consequently, the slowed down electron movement probably 
participates in the degradation of the colour change of the 
electrochromic textile structure.

Comparison between the electrolyte electric resistance 
increase and the electrochromic effect degradation

In order to evaluate the colour change of the electrochromic 
device, DeltaE CIE L*, a* and b is calculated between the 
initial oxidised colour and the successively obtained oxidised 
colours. Figure 7 presents the DeltaE CIE L*, a* and b* 
average percentage increase for 50 cycles. As observed, the 
initial green colour of the electrochromic device considerably 
changes with time and number of cycles. After 900 seconds, 
representing 15 cycles, the obtained colour stabilises. After 50 
cycles, the oxidised state of the electrochromic device, which 
has been observed as darker, redder and less intense, has a 
difference of 900% in DeltaE CIE L*, a* and b* with the initial 
oxidised colour. 

While the electrolyte resistance increases, the colour 
difference also increases. Increase of resistance corresponds 
to a decrease in the conducting properties of the electrolyte. 
This phenomenon is traduced, in a physical way, by the slowed 
down movement of the electrons. Yet, the electrochromism 
colour change phenomenon is linked to the electron 
exchanges through oxidation and reduction. Consequently, the 
slowed down electron movement probably participates in the 
degradation of the colour change of the electrochromic textile 
structure. 

Conclusions

A method to measure and calculate the variation of the 
resistance of an electrolyte applied on a textile substrate has 

been explicated. Similarities between the electrical performance 
of the electrolyte and capacitor have been identified. The total 
charging and discharging time of the electrolyte is approximately 
3 minutes. Resistance of the electrolyte increases when a 
voltage is applied. After 50 cycles with an applied potential of ±5 
V, the mean resistance of the electrolyte increases from 20%. 
Resistance increase corresponds to a conductivity decrease. 
At the same time, the colour of the electrochromic device is 
observed to be altered. The initial oxidised colour of the device 
considerably changes in 50 cycles. A link can probably be 
made between the electrolyte conductivity decrease and the 
degradation of the electrochromic effect of the device. Indeed, 
electrochromism is allowed by exchange of ions and electrons. 
Hence, slowed down electron movements can logically limit the 
colour change of the electrochromic device. Further studies 
may then explore the parameters causing this conductivity loss. 
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