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a. With the help of arrows, sketch on the same figure the resulting movement of S atoms keeping 
the Zn atoms fixed. S atoms form the coordination tetrahedra around Zn atoms located at ¼ ¼ ¼. 
Have the coordinates of the centre of mass (and thus centre of charge) of S atoms changed?   

b. In what direction, must the Zn atom move to remain equidistant from the coordinating S atoms? 
Would it still be at the centre of charge of the S atoms?     

c. If the Zn–S bond is ionic, or partially ionic, in what direction will the dipole moment develop? 
d. At the charge-centre of a tetrahedron of S atoms around Zn in the unstressed crystal, what charge 

due to S must appear? Express the value in terms of charge of one S atom (-q). 
e. Experimental evidence shows relatively large covalent character of Zn-S bonds in ZnS structures 

modifies the the magnitude of the charge on each S and Zn ‘ion’ to |q| ≈ 0.26.e where e denotes 
the electronic charge. Experimentally the displacement (Δl) of the Zn ion from the centre of the 
tetrahedron is 75 fm when τ = 25 MPa. Calculate the electric polarization, P and piezoelectric 
coefficient, d?  
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