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Pre-service Chemistry Teachers’ Understanding of the Potential Energy Curve
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ABSTRACT. In this study, the pre-service chemistry teachers’ understanding of potential energy curve was investigated. The
subjects were 24 junior students and 26 senior students studying chemistry education in a college of education. A concept
questionnaire consisted of thought experiments with different initial conditions was developed to survey the pre-service teachers’
conceptions of potential energy curve. The survey results showed that the pre-service chemistry teachers had difficulties to
accept the negative values for potential energy and total energy. And they knew the mechanical energy conservation but they
could not apply it properly to the thought experiment situations given in the questionnaire. Also they had the knowledge about
the direction of force exerted between the two balls, but many of them believed that the balls would stop moving at the bot-
tom of potential energy curve well. In addition, it was discovered that few pre-service teachers could relate the thought experi-
ments to the chemical bonding, the liquefaction of gas, and the molecular vibration.

Key words: Potential energy, Potential energy curve, Conservation of mechanical energy, Pre-service chemistry teacher, Con-
ceptual understanding
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Table 1. Situation or content of concept questionnaire items

Item Number Situation or Content
1 Hold two balls at position E and let them go
2 Hold two balls at position A and let them go
3 Two balls are approaching each other with the certain
total energy

Compare classical mechanics and quantum mechanics
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Figure 1. The potential energy curve used in the concept ques-

tionnaire.
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Table 2. Percentages of responses for the kinetic and potential
energy of the two balls held at point E

Percentage (n = 50)

Response — -
Kinetic energy Potential energy
-100J 16 66
0 16 2
100J 52 28
2007 4 -
400J 2 -
N.R.* 10 4

*N.R.: no response.
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Table 3. Percentages of responses for the reason of attractive force
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Table 4. Percentages of responses for what happened to the reduced
potential energy

Response Percentage
Transforms into kinetic energy 48
Transforms into kinetic energy and raises speed 12
Transforms into kinetic energy and used for translation, 4
rotation and vibration

Transforms into kinetic energy and released as heat 6
Miscellaneous 28
N.R. 2
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Table 5. Percentages of responses for the kinetic and potential
energy of the two balls at point D

Percentage

between the two balls held at point E Response Kinetic energy Potential energy
Response Percentage -200J 2 68
Slope at point E is positive, F = -dV/dr <0 10 0 42 8
Tendency to move to the most stable point D 24 100J 4 -
Attractive and repulsive region is divided by point D 24 200J 34 16
Attractive and repulsive region is divided by distance 12 300J 2 -
Miscellaneous 22 0 2 -
N.R. 8 N.R. 14 8
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Table 6. Percentages of responses for the force acting on the two
balls at point D

Response Percentage
Attractive 14
Repulsive 2
No force 66
Attractive and repulsive 16
N.R. 2

Qe

Table 7. Percentages of responses for the reason of the force acting
on the two balls at point D

Response Percentage
No force because F =-dV/dr=0 12

No force because attractive and repulsive forces are
balanced

No force because of the most stable state 10

Both forces because attractive and repulsive forces are
balanced
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Table 8. Percentages of responses for the shortest distance that the two balls can approach and the subsequent movement

. . Shortest distance

Movement after reaching the shortest distance Closer than A Y B C 5 NE Towl
Oscillate 2 - 2 - 4 - 8
Move apart and then get close - 2 2 - - - 4
Oscillate and stop at point D 4 - - - 6
Move apart 10 4 12 - 22 - 48
Stop at point D 4 - 12 2 12 - 30
N.R. - 2 - - 2 4
Total 18 6 34 38 2 100
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Table 9. Percentages of responses for the movements of the two
balls released from holding at point A

Response Percentage
Move apart 28

Stop at point D 44

Oscillate and stop at point D 6

Move apart and then get close 8

Oscillate 2
Miscellaneous 2
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Table 10. Percentages of responses for the movements of the two
balls approaching each other with a certain amount of total energy

Response Percentage
Item 3-(1) Item 3-(2)

Oscillate 6 8
Get close and then move apart 12 4
Get close to point A 14 -
Get close (to other than point A) 46 54
Miscellaneous 12 14
N.R. 10 20
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Table 11. Percentages of responses for relating the movements of
the two balls in item 3-(1) and 3-(2) with the chemical bonding

Response Percentage
Bonding is made only in item 3-(2) 14
Bonding is made only in item 3-(1) 12
Bonding is made in both items 24
Miscellaneous 138
N.R. 32
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Table 12. Percentages of responses for explaining the liquefaction
of gases at low temperature using the potential energy curve

Response Percentage
Decreased K.E. — cannot escape potential well 4
Decreased K.E. — reduced r — condensing 20
Decreased KE — reduced r — decreased P.E. 12

— condensing

Decreased KE — increased P.E. — reduced r 30

— condensing

Miscellaneous 12

N.R. 22
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Table 13. Percentages of responses for the possibility of replacing the balls used in the thought experiment with the atoms

Response Percentage
Not possible The indeterminacy principle 2
Ball has volume 6
Miscellaneous 8
Possible Without specific reason 18
Ball and gas obey the same principle of mechanical energy and force direction 26
Under the condition of perfect gas 6
Miscellaneous 16
Ambiguous 2
N.R. 16
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