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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 muixture. We surveyed 65 students in the chemistry program of the College of Education about the boiling pomnt 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
mereased 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 n 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.
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Tuble 1. The object of mterview
Name Boiling point (°C) Graph type Particle model during boiling Sex Grade

Pre. Teacher 1 78 1 E>W 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 3 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

Tuble 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) ER))
78"C Boiling point of ethanol 23(35.4)
Decreasing of vapor pressure” 411.8)
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(5.2)
Total 65(100.0)

*Scientific response

2015, Vol 59, No. 5
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Graph type Reason of their choices Frequency (%)
- Increase of water ratio” 18(39.1)
(i / During state change of ethanol, water is heated. 10(21.7)
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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=

Total
Boiling point
A2

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(65.2) 15(24.6) 46.2) 65(100.0)

*Scientific response

g 7HIthe AT Bog B/1LHET AL B
A2 427 247t et
U E3tBo| B0 H3 OIAIN BH2| ol

e 50l B2 Fuel et wlAH BE of

HE Lotmr| $isted BT T2 YH4HB LIE B
e So) thtel Bl ARY W S R ST &
YARY, FLY 1 3 B 519 A% 2Yg 22
#3, o] 2 ¥l Atk ful e Y7 ZH e 5
SELEEREEFECREE EEEEES-L B
Foll o 4% L S VG Table 59 A A ehact.

g golely B0 Y& 47 8 go] ZoBZ
QR LT HL Aol 2 lwgel F71¢E0] 29
Zr\gEnct At nety 2% ABo4 AN 2 ¢
o lge A7t 2 Arbuck go| EA A Drk. #
g9} L7} Fob e T2 2714 ol
YT golA HE § AL A WA 7|5
stod 7|25 44N B Brh wieb B A
AT olgg UA7t T drhuct Bol EART
delastel A7t 2y B4 Az B ABA o
23 2 T EASA 27 B2 66.2%019
ol o] 3 HEHoR AW 2Y oBE YNE ¥

i

T

=

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

Type Explanation

Frequency (%)

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<W < ooy ;\ Water molecules is more than ethanol molecules. 5(7.7) 3(4.6)
\° /
E '\ ¢ «“," | Only ethanol molecules exist. 16(24.6) 3(4.6)
N
-
\'Y% \ ) Only water molecules exist. 3(4.6) 2(3.1)
B No response 3(4.6) 231
Total 65(100.0)

*Scientific response
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Tuble 6. Relations of particle model during boiling and macroscopic prediction in pre-service chemistry teachers” responses about 1:1 eth-

anol/water mixture

Frequency (%)
78 °C 78 °C-100 °C*
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)

LW 2(3.) - 2(3.1) 46.2)
L 7(10.8) 4{6.2) 3(4.6) 14(21.5)

W 1(1.5) 1(1.5)

No response - 1(1.35) - 1(1.5)
‘Total 10(15.4) 13(20.0) 28(43.1) 51(78.5)

*Scientfic response

A HH7E FoH A WRUMs 7=t LSO
Xl=dl, oluf 7|2 2te| YUXE 22EM2.
OlB| A 40 BEFHUMRT? HIEET AS A 20t
HEX: of oELS2 JAS X 2017
Olb| WAL 40 ZB=FollM= oEH20] =2
OHE}QDI- OID )d 7}0}_9_

WYX 2 27| Hoi| o AX| =H oAM= YXi=

<

I8
=
I
»!
my
L]
ko

~3

Zoie, 2|

SHE 78-100°Coll A 7] Al#bshe] #=do] 4 471
Sk S 2l T A RS du)mal 289 Fo|
M thAl R BS o JZef g3t ofst &k #7251

al ol
H

>~.

o]

Ape7] B B ThEWE-EDI B S o
199052 7bg slgo] kateh o] T orol 4
A¥] 2 o) 47k ZgelAlef gho] elwhgel ¢ _
thiz Hero. 2 ofslatis o o RALE G310k, oV
AAl T SRR AL, o e A, B S
3t stababis ol 5 oAl Aol Hafetm 9lel. o &

]g.{g] o] 0_ I

S 717 dlu] Al 59} olu) Al 632 iy
W&ol

HEA HHTL ZE s AA HEUHAME 7|
OiXl=dl, ofuf 7|= ota| Xt =Y
HL.

OH| AL 5 OIEFE0| diNeZ BE A 21, & =Xtk

2015, Vol 59 No. §

Lzt 212 etoll=

Ol A} 5: OIEHBO| OPH=, Of o Eeol 404 9l
% Jhol 8 EXHE 20| Lol % Zoke,

IEAR 37) AIRE O 7R oto) EX SXYS of
A Ente?

olEluAL 6: OBt 22 B2 22 BY

o
ol
-

v} ~N rnr
By
k=l

ro

.\;". r_?_

H 330
Ny 2 W
W ro oy

s
o
I
41
fo T
I
of
o
L
_O‘I_-
rr
[N
Hu
0z

T Aatell M o= AA EFEe] el thgt o] ek
AL ‘31&'-”— croliiv] ffotel 65739 eflv] BFelamabi:
Ao o oo Fxat vkl H4 19, &
Aol F& wle) Vi & 4 vy Gof et AyleAt
AR o, o] F 9 vigkatg vt AR v
Abris hAdshed o o ot gkl oy Saltk e

A, ollihg & 2] FFloll thgh ou) et b
AL 5 S @ol ik Aol 78-100°Cef| 2] Fixclar &)
Zhsh Al HE ) olehE St A ket
Auoltt AR W 52 T apt el T
Tk orick AAsHe: H st Wekch F ol
T8N Fyol 78 CRIL Q14 ol MALES:
AL o] Jfgel R EFe] Fofl M|
Grizchar A sy

S, A EEE 7MY A LENS ] dIME §



464 27)e -

XS HEH Q4] Asith 24 AN BRBO] F
7] NzRsteA L5t S71sg R Azele oy @A
egol FLWA, B9 vlgo] EolAA B BEAol
27bel A HohT WZE AL oREe AR shA
AH 2 Fotale B0l UG Footel L7t 37}
#rin Azshach #d Agae ulds T A9
AT L T7ho] ehdThE 2GS a0l 5L
Lol R ougo] WA BT, 257} 37}
she7t ol Arejuist steka Azhahe

A7), A EEBo] H7l AR G 7| E S0 Y B
BE 4% 2, 3P AN E g 2B o] 55
A7 A\ e B3 clgge] S AT 22 g

aRo, B ARAHE 714kl R Bt
29 Jele vgo] Srishan,
ATE Bl 2 o8] A} WA BHE) B
8l 243 Qe Ao thstel de BEL T 2ot
AR, o] BETAE HY A EEEY 2 4R
] 02 eEold Biche Y Ade 23 At
_Brgol e ool WA Bof e BL R
ol Berha AR k. olF BlReR & e
A Adol Hated gA F7] AR L2t stga Y
ol ohek 2L thoksk Qpare 2 vhebgth ol
4ol f91L o d TEI o)A B ojpge) By
22 hde) duE e Aojzm Wzt e
PYERE 25 TRl ‘SRR B oA Ay
g ANED on, geEgol A dstsists 7]
shat BEolq QYT Aol FZHT o, Al
ASe] g SEN) BE AE BUSE AR
238171 218 Aotk B BEER ABNAE &2
oere et B2 5k Ao obdelE BT o2 ofBeol
Fos® 20| £YSE He2 FTEFTo)A Ted
A WAL 7Hs o] 2k ol 23 A7 BT Ve
7} 912 it

S, dlv] SREALS HU4 ERRA Y o2
HEYCA U 9 AN BUE Aohe Aol
SATh =, B Al WHIE 7L o] BE g B
Aoh 2 B BAVL EAhD Stk 297 Bos
AN BHom A8 913, 7|EY $7 Fom 7Y
S)Agh TlAl He Rk B Tk A Y77k 71 A ) s
WHoE BL A7 3UY YRS Y S gt of
2 ulatel elae) Mg Slahi s AN H Ware
B4l AT A2 WY Bart oo

AR, hEEe) Q] StRASe BEE Y
oz d¥sx 9k ARS Bt 27/gHe B
gesi7] $a) e Aol et ol mAp7t

E

I‘U

%

N

n

£

o nlo ﬂ*'—
2 e o2

3=

71 OIEHE Y B Sfelck ! Btk A2 371y
o171 YA Yol BAolets A, FE
olstel M= F7I9H o] 9T, Tebd AA] ETZ A

F7\9de 7 Hgy 80

7198 ez e

e BAS o2 A EFEL F50] oHEES

@ Wert gk
Wl £ Feol o2 A2 olohg A 5]
$15hed Thig AlRHEITE A, AN EH B Bl BEt

AL AT T A= Ago] sttt e wA:=
e madgel dubsietn 2eBe o4t By
olx HA ETEL F2o il FgstA =Hewl of of
A EkEe = A B+ A2 E st oy
A oo BEIHW oy setmate of s FolS
Egole d T&0] 2 Hojrt A TLEY E=Holv
=TS A A st A EE el 2 é Eﬁﬂ
A;(.“ _g_ouo] IL_O_ -&],&}.Q @1}1 zj}m‘:o] 71.]

=T B85S AANSHE F& Flojrh o7l o zﬂ ESL
29 FuuS 94 37IUY Bz YA RE 1YL

=4, dujzAit 51"-% AA A EFEL F5 A
6L T, YAEY BEOR YL oY 4 A=
£ moizojof Gtk BAE 0 RolX gh] W),
dqu] e RARS Y o7 o H 2 A A HEE B st
2| ok et A% ZHE o8 Tt A2, BE
7\15 8 dulmAzl dH EFE B T2 AAHEQ
A RHA YA BT A 5 U
< da7t Aok

AR, FL4 AN TR B AL e ¥a,
AL TTAAe] HEY e, ERES TUE T8 Hd
VRWT 2 AT AL S8 24| Hol B B
2¢ @A} Atk T4 4TS B el whe Hojet
U AET GAS IR BLhE Y] BHRAE 2
T} 3}ehS AZF = tfE YL Y3 ap M-S LA g
901 ¥ B2 ¥RE ABY 5 UE Aolz AAAT,

fll

ji

;0
ot

Acknowledgments. 2013 = &gt Sed 1R
/gu| 2 A5 9-S(T A H Z-120131860),

REFERENCES

l. Yoon, H. S.: Jeong D. H. J Korean Assoc. Sci. Edi.
2006, 26, 805,

2. Ministry of Education Science and Technology, 2009
revised science curriculum (Minisny of Education, Science
and Technology: Annovncement No. 2011-361Y, Seoul, Korea,
2011.

Jowrnal of the Kovean Chemical Society



10.

11

14.

15.

R T2 F2ol T ollv] AR ol

. Brady, J. E.; Jespersen N. D.: Hyslop, A. Chemistry: the

molecrdar natie of matter; Wiley: New York, USA, 2012.

. Atkins, P Paula. J. Phvsical Chenristiv: Oxford University

Press: Oxford: UK, 2010.

. Engel, T.: Reid. P. Pinsical Chemistry: Prentice Hall: Edin-

burgh Gate, UK, 2012.

. Osborne R. J.: Cosgrove, M. M. J. Res. Sci. Teach. 1983,

28. 363.

. Johnson, P. fnt. J. Sci. Educ. 1998, 20, 567.
. Cho, M. J. Survey of high school students and chemistry

teacher’s perceptions on evaporation and boiling, Master’s
Dissertation., Korea National University of Education Gradu-
ate School of Education, Chung-Buk, Korea, 2004.

. Cho, B. K.: Ko, Y. M.: Kim, H. N.: Paik, S. H.: Park, J.

W.. Park, J. O.: Lim, M. H. J Korean Assoc. Sci. Edu.
2002, 22, 204.

Kim, Y. A. Swrvey of elementary school teachers™ per-
ceptions on evaporation and boiling, and analysis of text-
books, Master's Dissertation, Korea National University
of Education Graduate School of Education, Chung-Buk,
Korea, 2013.

. Jeon, J. S. Middle school students” concepts investigation

on evaporation and boiling, Master's Dissertation, Korea
National University of Education Graduate School of Educa-
tion, Chung-Buk, Korea, 2003.

2. Canpolat, N. fnt. J. Sci. Educ. 2006, 28, 1757.
3. Canpolat, N.: Pinarbasi, T.. Sozbilir, M. J. Chem. Educ.

2006, 83, 1237,

Kim, S. Case study on the relation between pre-serviced
teachers” understanding of “"dilute solutions properties”™ and
the curriculum n the college of education, Master’s Dhs-
sertation, Korea National University of Education Grad-
uate School of Education, Chung-Buk, Korea, 2008.
Pinarbasi, T.: Sozbilir, M.: Canpolat, N. Chem. Educ. Res.

16.

17.

18.

19.

m”

Pract. 2009, 1), 273.

Lee, E. 8. Survey of teachers and pre-teachers” understanding
of colligative properties in high school chemistry II, Mas-
ter's Dissertation, Korea National Umversity of Educa-
tion Graduate School of Education, Chung-Buk, Korea,
2007.

Kim, S.: Lee, E.: Paik S. J. Korean Assoc. Sci. Edu. 2008,
28, 291.

Ko, K. Y. Research on teaching gmidance for vapour-pres-
sure lowering, boiling-point elevation, freezing-point depres-
sion of dilute solution using entropy, Master’s Dissertation,
Yonsel University of Graduate School of Education, Seoul,
Korea, 2014,

Lee, M. W.. Kwon, S. M.: Kun, K. S.: Lee, H. N: Chae
K. P: Kwak, Y. J.: Kang, I. H.: Ha, Y. K.: Cho, E. M.;
Cho, H. S.: Kwon, Y. I.; Lee E. S.: Kim T. J. Middle
School Science 2. Kumsung Press:. Seoul, Korea, 2012,

. Lee, S. 1; Cho, B. J.. Jeon, B. H.; Nam, K. S.; Hwang, S.

Y.: Kim, Y. H.: Uh, J. Y.; Noh, D. K.: Kiin, K. T.: Baik,
S. Y. Kim, C. W.; Kin, Y. K.; Park, R. W.; Shin, S. J.; Kwon,
O. S. Middle School Science 2, Jihak-sa., Seoul, Korea,
2012,

. Park, H. S.; Jeong, D. Y.. Shin H. S.: Kim, J. H.; Huh, S.

1. Cho, S. E.; Yoo, J. N.: Lee, H. W.; Kim, J. Y.; Lee, S.
1.; Choi, B. §.; Kang S. C.; Oh, S. H. Kyohak-sa. Middle
School Science 2, Jihak-sa. Seoul, Korea, 2012.

Shin, Y. J.; Jin M. S.; Han, M. 1.: Lee, K. Y.; Jeong, E.
Y.: Kang, J. C.; Kang, S. I.; Son, J. W.; Bae, Y. H.. Lee,
B. W.. Lim, H. Y.: Ha, E. S. Middle School Science 2,
Chunjae Textbook, Seoul, Korea, 2012,

23. Haynes, W. M. CRC Handbook of Chemistiv and Physics,

Taylor & Francis: London UK, 1963.

. http:i/en.wikipedia.org/wiki/Ethanol %28data_page%029%

Properties _of aqueous_ethanol_solutions.

2015, Vol 59, No. 5


http://en.wikipedia.org/wiki/Ethanol_%2528data_page%2529%2523

