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General review on electrochromic materials  

Applications of electrochromic materials 

Ø  Electrochromism:  phenomenon where the color of a material 
changes by applying a voltage à many applications 

Applications 
like 

rear-view mirrors 
Displays 

Color filters 

Helmets 

Smart windows à cool 
climate and  energy saving 



Tb as high as possible  

à very thin film is needed 

General review on electrochromic materials  

Features for efficient electrochromic material 

1. Transmittance modulation ∆T = Tb-Tc or CR = Tb/Tc as high 
as possible 

Tc as Low as possible  

à Thick film and/or high surface 
area (porous structure) is needed 

Film Thickness and structure 
optimization is needed 



General review on electrochromic materials  

Features for efficient electrochromic material 

2. Coloration Efficiency η as high as possible 

Good preparation method of selected material 

3. Coloration – beaching reversibility and durability 

Reversible electrochemical 
reaction and stable material 

4. Fast switching time      5. Long memory effect 



General review on electrochromic materials  

Electrochromic materials 

Ø  WO3 and NiO are the most well-known materials in 
electrochromism à usually laminated in a full device structure 

Our present research is on NiO electrochromic thin film 

Some electrochromic inorganic materials: 



NiO thin film 

NiO deposition methods 

Ø  NiO films are deposited using many techniques like:  

- sputtering 

-  e-beam evaporation 

-  thermal decomposition 

-  chemical deposition reaction 

-  dipping in sol–gel  

-  spray pyrolysis 

-  Electrodeposition 



NiO thin film 

Why Electrodeposited NiO? 

- Active and efficient electrochromic material.  

- Nickel oxide is a cheap,  

- Abundant 

- Easily fabricated  

-  Available and low-cost Process  

-  Easily control deposition parameters 

-  Good adhesion of the film to substrate  

-  Environmentally friendly process  

- Films can be grown on large surface area at r.t. 

Why NiO (Nickel oxide)? 

Why Electrodeposition? 



NiO thin film 

Objectives: 

1)  Optimization of Low value electrdeposition parameters: 

a)  Current density 

b)   Molar concentration 

c)  Deposited charge density (film thickness) 

2) Study different properties of NiO film deposited at 
optimized parameters 

a)  Electrochromic properties 

b)   Electrochromic stability 

c)  Structural properties 

d)   Morphological properties 



NiO thin film 

Experimental: 
Electrodeposition of NiO on FTO/Glass substrate by 
PGZ402 Universal potentiostate using 3-electrode 
electrochemical cell 

optimized Parameters:  

- different Low values of 
current density 

- different Low concentration of nickel nitrate solution 

- different deposition charge densities 
Cyclic Voltammetry (CV): PGZ402 Universal potentiostate 
Transparency measurements: UV-Vis-NIR Spectrometer 

XRD: done at ICMCB – France 

SEM: done at ICMCB - France 



Results and Discussion: deposition parameters optimization  

1. Optimization of deposition charge density 
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- Ja and Jc value ↑ and shifted with 
cycle number (film active period)  à 
capacitance ↑ à more coloration 
sites are involved in the coloration 
process 

-  High transparency (> 90%) in bleach 
state 

-  %T ↓ (more coloration) in color state 
(active period) 

à Hence ΔT and CR ↑ in active period 

- transparency almost constant after 
cycle 30 à near saturation period. 

Same behavior was observed for 
other films deposited at different 
charge densities 

CV 

In situ T (%) at 630 nm 



Results and Discussion: deposition parameters optimization  

1. Optimization of deposition charge density 
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Comparison between CV 
(cycle 40) 

-  Initially Ja and Va value ↑ 
à capacitance ↑ à higher 
porosity film à higher 
charge intercalation 

- Ja and Va value ↓ after Jd of 0.15 à as Jd ↑ higher crystallite size is 
deposited à less surface area à less capacitance 



Results and Discussion: deposition parameters optimization  

1. Optimization of deposition charge density 
Comparison between %T in active and near saturation period 

-  %T is high (> 90%) for all 
films in the bleach state 

Active period Near saturation period 

-  Jd of 0.05 has lowest %T 
(highest coloration) 

à Highest ∆T and CR 



Results and Discussion: deposition parameters optimization  

1. Optimization of deposition charge density 
Table: Electrochromic properties calculated from CV and %T for cycle 40 

Films deposited at Jd = - 0.05 has Highest ∆T, CR, η, and good Qc/Qa 

à Jd = - 0.05 is the optimized current density à will be used here after 



Results and Discussion: deposition parameters optimization  

2. Optimization of Molar concentration 
- Films are deposited at optimized Jd                                
- Same type of experiments have been done   

As concentration ↑ 
above 0.02 M (0.03 and 
0.04 M) Ja ↓ à reaction 
uniformity ↓ à porosity ↓ 
à capacitance ↓à less 
charge intercalation      
à less coloration  

0.04 M  



Results and Discussion: deposition parameters optimization  

2. Optimization of Molar concentration 
Electrochromic properties table (cycle 40) 

- 0.01 M and 0.02 M has close electrochromic parameters 

- Best electrochromic parameters are for film deposited at 0.02 M  

à 0.02 M is the optimized concentration 



Highest ΔT and CR with high 
transparency in bleach state is film of 
Qd = 80 mC  

Results and Discussion: deposition parameters optimization  

3. Optimization of deposited charge density Qd 
- Films are deposited at optimized Jd and concentration                               
- Same type of experiments have been done   

As Qd (film thickness) ↑ à 
active mass ↑ à  capacity ↑ 
à intercalated charge ↑       
à more coloration  

40 mC 

As Qd (film thickness) ↑ à 
Transparency decrease 

Very thin film à high 
transparency in color state 
à poor coloration 

Thick film low transparency 
in bleach state à poor 
bleaching 



Results and Discussion: deposition parameters optimization  

3. Optimization of deposited charge density Qd 
Electrochromic properties table (cycle 40) 

As expected, highest electrochromic properties  are for 
film deposited with 80 mC à Optimized charge density 

Optimized low-value electrodeposition 
parameters for NiO electrochromic film: 

1- Deposition current density of 0.05 mA 

2- Concentration of 0.02 M 

3- Deposited charge density of 80 mC 



Results and Discussion: Optimized film properties 

 4. electrochromic properties of optimized film 

During active period: 

(Ja and Jc)↑ with cycle 
number à (Qa and Qc) ↑ 

à  coloration ↑ hence, 
(∆T, and CR) ↑ 

Near saturation period: 

All electrochromic 
properties are almost 
constant 

At Cycle 40:  

% ∆T = 91.6-15.6 = 76 % and  CR = 5.88 à high transmittance modulation  

Qc/Qa = 97% à reversible electrochemical reaction 

η ≈ 19 cm2/C  



Results and Discussion: Optimized film properties 

 4. Cycling Stability of optimized film 

-  ∆T increase in the active period (2-50 cycle) 

-  High stability up to 300 cycle (active period)  

-  Very good to good stability up to 900 cycle 

-  Degradation period was not reached 

Examined up 
to 900 cycle 



Results and Discussion: Optimized film properties 

 4. Structure of optimized film: XRD 

Only the peaks of FTO/glass substrate 

à  NiO nano-particles in the amorphous phase  



Results and Discussion: Optimized film properties 

 4. Morphology of optimized film 

(a) 

Optimized NiO film (Jd = 0.05 mA, at 0.02M)à interconnected 
network of porous nano-flaks, homogeneous,  no cracks   



Results and Discussion: Optimized film properties 

 4. Morphology of optimized film 
(b) (c) 

Films show more compact structure and many cracks for other non 
optimum deposition parameters   

Film deposited in 0.01 M solution Film deposited in 0.01 M solution 



Results and Discussion: Optimized film properties 

 Conclusions 



 

Thank you for your attention 
 



NiO + OH- ↔NiOOH + e-  

NiOOH + K++ e-↔ Ni(OH)2  


