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ABSTRACT. In this study, we conducted a textbook analysis and a conceptual test in order to investigate misconceptions of pre-
service chemistry teachers in understanding motions of molecular gases. As a result, we found out that many of the general chemistry
textbooks not only introduce motions of molecular gases by explaining basic conceptions and using simple models, but also omit
the explanation on center of mass when dealing with rotational motion. The physical chemistry textbooks, however, mainly approach
motions of molecular gases in terms of spectroscopy and use various models to explain more intensified concepts, referring the center
of mass in rotational motions. Meanwhile, pre-service chemistry teachers' confidence and understanding in the motions of molecular
gases were very low and pre-service teachers also had many misconceptions about them. We believe this is because they had a ten-
dency to depend largely on their intuition based on the pre-conceptions and the visual materials in the textbooks.
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Misconceptions about Motions of Molecular Gases
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B Principles of Modern Chemistry Oxtoby et al. 6th 2008 27
C University Chemistry Siska Ist 2006 28
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E University Chemistry Laird Ist 2009 30
F Atkins' Physical Chemistry Atkins & de Paula 8th 2006 31
G Physical Chemistry Engel & Reid 2005 32
H Physical Chemistry for the Chemical & Biological Sciences Raymond Chang 3th 2000 33
I Physical Chemistry Whittaker et al. 2001 34
J Physical Chemistry - A Molecular Approach McQuarrie & Simon 1997 35
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A Thermodynamics: The First Law

H20 X

Vibrations and Rotations of Molecules: Infrared and
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C Molecular Motion and Spectroscopy Hetero diatomic molecule (0]
D Entropy HO X
E Entropy H,O X
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Table 3. Contents Analysis in Physical Chemistry

The center of mass in The change of  Application
Symbol Chapter rotational motion Spectrum Model molecular motion to real
by energy transition situation
Spectroscopy 1: Rotational and polyatomic
F vibrational Spectra 0 0 molecule 0 0
A quantum mechanical model for the
G vibration and rotation of molecules o o diatomic molecule o o
The vibrational and rotational (hetero)
spectroscopy of diatomic molecules
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Fig. 2. The energy levels and allowed transitions for rotational mo-
tion of rigid diatomic molecule® (p-174).
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Table 4. The Results of the Definition of Translational Motion

Type Statement of definition on rotational motion Response (N = 24)
Ss All points of molecules move with same velocity and speed. 7(29.2)*
S The whole molecules of gases move to one direction in space. 5(20.8)
S, Molecules move freely. 3(12.5)
M The molecular bonding lengths or angle changes. 9(37.5)

*frequency (percent).

Table 5. The Results of the Definition of Vibrational Motion

Type Statement of definition on rotational motion Response (N =24)
Ss The motion of change on bonding length or angle which is relative to each atom within molecules. 7(29.2)"
Si Response either the change on bonding length or bonding angle. 11(45.8)
M Molecules vibrate. 5(20.8)
No response 1(4.2)

*frequency (percent).

Table 6. The Results of the Definition of Rotational Motion

Type Statement of definition on rotational motion Response (N = 24)
Sy Molecules rotate on the basis of axis within molecules. 11(45.8)
S, Molecules rotate within molecules. 3(12.5)
M, Molecules rotate on the bonding axis. 3(12.5)
M; Electrons rotate, Each atom within molecules rotates. 7(29.2)

*frequency (percent).
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Region Microwave Far infrared Infrared Visible and
ultraviolet
TE4(Hz) 10°~101t 1011~1013 1013~10% 1014~1016
It (m) 3 X101~3 X 1073 3 X 103~3 X 10 3 X 10%5~6.9 X 107 6.9 X 107~2 X 107
ol 4 x| 6.6 X 10%5~6.6 X 1023 6.6 X 102~6.6 X 102 6.6 X 102~29 X 10'1° 29 X 109~1,0 X 1018
(J/molecule)
Molecular 1) (2 Electronic transitions
process
Fig. 3. The table of spectrum region in question 1.
Table 7. The Results of Conceptual Test
- Internuclear distance
Question Correct rate Number Confidence
Potential
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Fig. 4. The diagram of spectrum in question 2.
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