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ABSTRACT. The goal of this study is to investigate pre-service chemistry teachers’ understanding of the boiling process of a
liquid mixture. We surveyed 65 students in the chemistry program of the College of Education about the boiling point of a
50%(by mole) ethanol aqueous solution and the temperature changes during heating. We then interviewed 9 of these students.
According to the survey results, the percent of the pre-service teachers who thought that the boiling point of the ethanol solu-
tion would be ‘between the boiling points of ethanol and water (78-100 °C)’ and ‘the same as that of ethanol’ were 52.3% and
35.4%, respectively. The majority of those who stated the former explained that the boiling point of the ethanol solution
increased due to the effects of attraction or blocking by water molecules. Most of those who believed the latter explained that
physical properties such as the boiling point would not be changed by the addition of water. With regard to the temperature
change during heating, 69.2% of the teachers thought that the temperature would increase gradually while boiling, which some
thought resulted from the increasing amount of water in the solution as the ethanol boiled off. Others thought that two tem-
perature plateaus would be observed as each component of the liquid mixture underwent phase transition at its specific boil-
ing point. When asked about the particle model of the gas phase during the boiling and evaporation process, some students
drew both ethanol and water during evaporation but only ethanol when boiling. We discussed several alternative concepts of
pre-service chemistry teachers about the boiling process of liquid mixtures and ways to improve their understanding.

Key words: Liquid mixture, Boiling, Alternative concept, Pre-service chemistry teacher
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Figure 1. Questionnaire on boiling of liquid mixture. Item 1 &
2 are about macroscopic prediction. Item 3 is about microscopic
prediction.
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Table 1. The object of interview
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Name Boiling point (°C) Graph type Particle model during boiling Sex Grade
Pre. Teacher 1 78 1 EW M 3
Pre. Teacher 2 78 1 E M 3
Pre. Teacher 3 78 2 E M 3
Pre. Teacher 4 78 2 E F 3
Pre. Teacher 5 78-100 1 E>W M 3
Pre. Teacher 6 78-100 1 E>W F 4
Pre. Teacher 7 78-100 1 E F 3
Pre. Teacher 8 78-100 1 E=W F 3
Pre. Teacher 9 78-100 2 E>W M 3

Table 2. Pre-service chemistry teachers' responses about boiling point of 1:1 ethanol/water mixture
Boiling point Reason of their choices Frequency (%)
Below 78 °C (no concrete answer) 2(3.1)
78°C Boiling point of ethanol 23(354)
Decreasing of vapor pressure” 4(11.8)
Boiling point elevation 5(14.7)
78 °C-100 °C* Attraction force between ethanol and water 13(38.2) 34(52.3)
Hindrance of water molecules 5(14.7)
Mixing of two materials 7(20.6)
Above 100 °C Boiling point elevation and etc. 6(9.2)
Total 65(100.0)

*Scientific response
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Table 3. Pre-service chemistry teachers’ responses about temperature change of 1:1 ethanol/water mixture

Graph type Reason of their choices Frequency (%)
Increase of water ratio” 18(39.1)
During state change of ethanol, water is heated. 10(21.7)
46(69.2)

Rephrase (no concreate reason) 12(26.1)

6(13.0)
Temperature is constant during state change of ethanol and water. 15(24.6)

.... The mixture become one compound and change states like a pure liquid. 4(6.2)
At
Total 65(100.0)

*Scientific response
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Table 4. Relation of boiling point and temperature change about 1:1 ethanol/water mixture in pre-service chemistry teachers’ predictions

Frequency (%)
2
Graph Type
Total
Boiling point
ARt N2 At
Below 78 °C 1(1.5) 1(1.5) - 2(3.1)
78°C 13(20.0) 10(15.4) - 23(35.4)
78 °C-100 °C* 28(43.1) 4(6.2) 2(3.1) 34(52.3)
Above 100 °C 3(4.6) 1(1.5) 2(3.1) 6(9.2)
Total 46(69.2) 15(24.6) 4(6.2) 65(100.0)
*Scientific response
e 7HAThe An &S F/1UNY G B ok S golo) 4] Bk ok o] U ulgo] gonE
Az Q4412 Bast ek, UG L= A FeAo] 2 oErE e F7]9ro] B

F719r Rt A nteb 39 gl Al A £ 9]
I olghe QA7 B Yt ol EAsHA ek &

: of W gAY L7} o} ek B F7]%ee Fol
N gobms] 9iste] oeheut Bo| AAHIZ LIZ B Shr|eku Lol HE F 2L o o)A /)3t

12
)
Tfok
o
MO
10
bl
ojo
=2
=
ok
o
>
ikl
=l
ik}
1o
o
o
Q

)

T G totol Fr) AAT ) A WY A & o] 7| mE WYSAA FA Bk upebd S Aol
YR G, Z v G BE 919 Ut BFS TLA MR oHE YRt B Yrpuct gho] EAaT

8}31, o % vl RStk oA QA R S ofulmae] U wg B4 A% F A oE
o oz BRHNOM, 2 4 T A4 BB W L3} B FAG] ZASH 27 Ul mAE 66.2%0]9)
Foll oj3t 4 2 S NES Tuble 5ol A4 STt o, o] & Mo HAY BP o AGE B

Table 5. Pre-service chemistry teachers' particle models about boiling and evaporation of 1:1 ethanol/water mixture

. Frequency (%)
Explanation — -
Boiling Evaporation
E>W* Ethanol molecules are more than water molecules. 30(46.2) 42(64.6)
E=W The number of ethanol molecules equals that of water molecules.  8(12.3)  43(66.2)  13(20.0) 58(89.2)
E<wW \ 2 ool \/ Water molecules is more than ethanol molecules. 5(7.7) 3(4.6)
o
L :\\
E *«"." | Only ethanol molecules exist. 16(24.6) 3(4.6)
NG
w : Only water molecules exist. 3(4.6) 2(3.1)
No response 3(4.6) 2(3.1)
Total 65(100.0)

*Scientific response
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Table 6. Relations of particle model during boiling and macroscopic prediction in pre-service chemistry teachers’ responses about 1:1 eth-
anol/water mixture

Frequency (%)
B. P 78°C 78 °C-100 °C*
Graph type Total
Particle model during boiling
E>W* 1(1.5) 7(10.8) 19(29.2) 27(41.5)
E=W - 1(1.5) 3(4.6) 4(6.2)
E<W 2(3.1) - 2(3.1) 4(6.2)
E 7(10.8) 4(6.2) 3(4.6) 14(21.5)
s - - 1(1.5) 1(1.5)
No response - 1(1.5) - 1(1.5)
Total 10(15.4) 13(20.0) 28(43.1) 51(78.5)
*Scientific response
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