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1. Describe in your own words the smart material 
presented in this paper and explain its working 
principle. 

2. Explain the piezoelectrochemical effect used for 
the decolorization of the solution. 

3. Name a possible improvement of the present 
structure (e.g. think about material properties). 



Question 1 

Describe in your own words the smart material presented in this 
paper and explain its working principle. 

 
 
 
BaTiO3 microdendrites: 
 
 
 
 
 
 
Piezoelectric Material: 
§  Generation of electrical charge upon applied mechanical stress (ultrasonification) 
§  BaTiO3 with non-centrosymmetric unit cell structure in the crystal lattice à off centered Ti4+, which 

creates an electric dipole 
§  Upon mechanical stress the Ti4+ ion shifts further à change in dipole moment à influencing the 

polarization strength of the crystal 
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Question 2 
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Explain the piezoelectrochemical effect used for the decolorization 
of the solution. 
 
 
 
 
 
 
 
 
 
§  Ultrasonification causes bending of microdendrites à charge generation on surface 
§  Photocatalytic decomposition - Redoxreaction 

 
 
 
 
 
 
 
 



Redox Reaction 

Definition:  
 Chemical Reaction involving the exchange of electron between two  different 

species. 
 
Half Reactions: 
1.  Oxidation: Loss of e-; increase of oxidation state 

2.  Reduction: Gain of e-; decrease of oxidation state 

Example:   Zn(s)+ CuSO4(aq) → ZnSO4(aq) + Cu(s) 
 

 Ionic Equation:  Zn + Cu2+ → Zn2+ + Cu 
  
 Oxidation:  Zn → Zn2+ + 2 e−  

(Zn is loosing neg. charged electrons; increases in overall oxidation state) 

  
 Reduction:  Cu2+ + 2 e− → Cu 

(Cu ions gain the free neg. charged electrons; decrease in overall oxidation state) 
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Question 2 

Anode: Reduction 
 
 
 
 
 
Cathode: Oxidation 
 
 
 
 
 
 
 
 
 
 
 
Dye degradation: 
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Semiconductors contain narrow gaps between the valence and conduction bands.  
Photocatalysis occurs when the produced energy is equal to or more than the 
energy gap. Induction of electron movement creates e-/h+ (neg. electron/pos. hole 
pairs). The holes will attract electrons from neg. charged OH- (Oxidation) forming 
Hydroxil radicals (atom with unpaired valence electrons/unfilled electron shell). 
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Piezoelectric Coefficients: 

Question 3 

http://onlinelibrary.wiley.com/doi/10.1002/0471216275.esm076/full 
https://www.americanpiezo.com/knowledge-center/piezo-theory/piezoelectric-constants.html 

Pb O x3 

x1 

Ti 

+ + 

-  -  
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+  +  

(a) (b) (c) 

d33 ~ 120 pC/N  d31 ~ 50 pC/N  

d33: induced polarization in direction 3 (parallel to direction in which ceramic element is polarized) per unit 
stress applied in direction 3 or induced strain in direction 3 per unit electric displacement applied in 
direction 3. 
 
d31: induced polarization in direction 3 (parallel to direction in which ceramic element is polarized) per unit 
stress applied in direction 1 (perpendicular to direction in which ceramic element is polarized) 
or induced strain in direction 1 per unit electric field applied in direction 3 
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Typical Properties of Some Piezoelectric Materials 

Question 3 

http://onlinelibrary.wiley.com/doi/10.1002/0471216275.esm076/full 


