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1.0 mol Na 1.0 mol 
1.0 g Na   =  0.043 mol 

22.99 g Na 1.0 mol Na
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1.0 mol Ca 2.0 mol 
1.0 g Ca   =  0.050 mol 

40.08 g Ca 1.0 mol Ca
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Question 1 
 
Overview 
 
Question 1 assessed students’ understanding of electrochemistry and its relationship to concepts from 
thermodynamics, equilibrium, and atomic structure. Students were asked a series of questions about a 
metal-air cell, a relatively modern type of portable energy source, which represents a real world application of 
chemistry. 
 
Sample: 1A 
Score: 10 
 
This response was well-crafted and earned full credit. Two points were earned in part (a) because the cell 
potential is correctly calculated, and the prediction of OH− anion flow in the direction of the anode is correct. 
In part (b) the response predicts an increase in cell mass and justifies that choice to earn 2 points. In part (c) 
both points were earned because the response correctly predicts a lower cell potential and explains the 
change by describing the ratio Q. In part (d) 1 point was earned for converting 1.0 g masses of sodium and 
calcium metals to moles and another point was earned for then calculating the number of moles of electrons 
transferred in each case and then selecting calcium metal as the preferred metal anode. In part (e) 2 points 
were earned because the response offers the correct electron configuration and selects the 4s sublevel as the 
source of electrons to be removed from the zinc atom. 
 
Sample: 1B  
Score: 8 
 
One point was earned in part (a)(i) for calculating the correct cell potential for the metal-air cell. No point 
was earned in part (a)(ii) because the direction of anion flow across the electrolytic paste (toward the 
anode) is not correctly predicted. In part (b) both points were earned for stating that the cell mass will 
increase and for the rationale. Part (c) earned 1 of 2 points because the prediction is correct, but the 
LeChâtelier argument is not. In part (d) 1 point was earned for finding the number of moles of sodium and 
calcium. The response’s justification of calcium as the preferred metal in terms of electrons transferred is 
correct for another point. Part (e) earned both points for a correct electron configuration and correct 
prediction that the valence 4s electrons will be removed from the zinc atom to form the Zn2+ cation. 
 
Sample: 1C  
Score: 6 
 
This response earned both points in part (a). No points were earned in part (b) for an incorrect choice of the 
mass remaining the same and an incorrect explanation. In part (c) 1 point was earned for predicting a lower 
potential but the explanation, using LeChâtelier’s Principle, is not adequate. In part (d) 1 point was earned for 
calculating the number of moles of possible anode metal but the second point was not earned because 
sodium is selected. Part (e) shows the correct electron configuration and predicts which electrons will be 
removed, and 2 points were earned. 
 




