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ABSTRACT. In this study, we developed an experimental method of the Charles’ law applicable to school.
Science textbooks and literatures on this principle were analyzed to extract factors utilized in organizing the
experimental setup and method. A combined structure such as with a vial and a glass tube, the former of which
1s for deciding the total volume and the latter of which is for easy measurement of volume, was better in
measurement of volume with temperature rather than a simple structure such as syringe. Use of graduated
cvlinder as a water bath to control the temperature showed advantage in cooling time than using other bath of
larger volume such as a beaker. A liquid drop was used as a plug in the glass tube. This plug has little resistance
with the glass wall when the gas volume changes. Water as a liquid drop in the glass tube had a significant
effect in volume change of gas due to evaporation, especially in the beginning of the measurement. Glycerol
showing negligible effect in volume change was used. This method took about one hour and produced a good
linear relationship between the temperature and volume of gas with R*=0.999 and absolute zero temperature =
-216.7 °C. The Charles’ law experiment developed in this study can be performed with appropriate adjustment
of procedure considering the purpose of the curriculum of science and chenustry subject at each school level.
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Table 1. The analysis of the mquiries related to the Charles’ law introduced m the science textbooks for middle

school students

Textbook Analyvsis of Inquury Measuring Apparatus Method of Concept
: Content Tvpe of Gas Volume Temperatwre Change Included
M-a expllanat_w.n experiment bottle, coin iced water level |1

+ inquiry
explanation s round-bottomed flask, ’ - .
M-b + inquiry experment glass tube water bath heating level 1
M-¢ e;\_'pllanat_lo_n experiment ronnd-bottomed Ilask, water bath heating level 1.2
Inquiry balloon
M-d eip.lanat.m_n experment balloon hot water, freezer level 1
nquiry
M explanation s round-bottomed tlask, . )
-e R experiment . . heating level 1
+ Inquiry glass tube, beaker
) explanation s erlenmever tlask, heating/hot water, .
M-t Lo experiment S T level 1
+ Inquiry balloon/syringe iced water
explanation e o . At :
M-¢ + inquiry experment Syringe water bath heating level 1.2
M-h ey}anat_w_n experment cup, rap/test ,t“be" hot water, 1ced water level 1
Inquiry glass tube, ink drop
M-1 eip.lanat.m_n experiment ‘r_oundtbotlomcd flask water bath heating level |
Inquiry with branch, glass tube <

level 1: The gas volume increases as the temperature increases.

level 2: The gas volume changes lnearly to the change of temperature. »
level 3: The gas volume changes by 1:273 of the volume at D "C as temperature increases by 1°C,

level 4: Concept ot absolute zero temperature.
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Table 2. The analysis of the mquines related to the Charles' law introduced m the chemistry 1 textbooks for

high school students

Analyvsis of

Measuring Apparatus

Method of Concept

Textbook Content Inquiry’ Type of Gas Volume Temperature Change Included

explanation s o hot & iced water, . )

Hl-a FnquIry experiment svringe dry ice + alcohol level 2,34

Hl-b e:ﬁ:i;itlfn data analysis Syringe water bath heating level 2.3

Hl-c eﬂﬂiﬁiﬁfn experiment ballon + coin water bath heating level 2.3

Hi-d exl?lallgtloll experiment s_&'rn}ge_, ) hot & iced water level 2,34
+experiment erlenmeyver flask

explanation s svringe, ; . . N

HI-¢ +inquiry experment round-bottomed flask water bath heating level 2.3

HI-f eﬂﬂiﬂiﬁfn experment plastic botile hot water level 2.4

Hl-g explana_tl(?n experiment erlemn?_\_-‘er ﬂasl(._, water bath heating level 2.3

+inquiry ballon, pmg-pong ball <
Hl-h explanation data analysis beaker, ballon water bath heating level 2.34

+data analysis

Table 3. The analysis of the inquiries related to the Charles' law introduced in the chemistry II textbooks for

high schoel students

Analysis of

Measuring Apparatus

Method of Concept

Tesibaok Content Inquiry Type of Gas Volume Temperature Change  Included
Hll-a eiplana_tl(_)n experment syringe water bath heating  level 2,34
Inquiry d
HILb  SSPAnAUon - go anavsis NA. level 2,34
+mquiry -
HII-c explana_tlt_)n data analvsis glass tube with movable hot & iced water, level 2.34
+inquiry : plug
explanation o tow.  Tound-bottomed flask, glass  water bath heating, . )
Hil-d +inquiry data analysis tube with a mercury drop iced water level 24
HiI-e explana_thn data analvsis NA. level 2.4
+mquiry -
HI.f ~ planation  experment syringe hot & iced water,  level 2,34
Inquiry +data analysis ’
explanation o g ’ - . 5
Hil-g Fnquiry data analysis syringe water bath heating  level 2,34
HIl-h eiplana_tlt_)n data analvsis syvringe water bath heating level 2.4
Inquiry . S <
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Table 4. The data of experiment when an erlenmever flask and a syringe are used for measuring gas volume

Volume Experiment 1 Experiment 2 Experiment 3
C.hange Temperature Pressure Temperature Pressure Temperature Pressure
(mL) ("C) (atm) (°Cy (atm) (°C) (atm)
2 2328 38 37.74 4.5 26.52 4.9
4 25.32 31 38.58 5.9 28.56 4.5
6 2742 28 3948 1.0 30.96 4.5
8 29.76 28 42.18 1.0 33.90 4.3
10 32.16 28 45,48 1.0 36.42 4.5

Hake] 4o 23 AR AR BRY
4 odeke el o) DeAdAE AuAe
2 407 ola) 2 §= ol ale} 2} o] )
& ol gelel AA BHE FAG2 2P L o
CECEEELERT PR -EERSIY
UYL 2AEe] wEch AFe) YohEE
e 2had o g2l A2 Heigen)
FA4) W B AE Aol o] Aol 22 Y
24

317] 9ol 25 wlsto] wiz} p-37}

L
2

(o
Hﬂ

}0
et
L
R}

[m
(A

=

1?].

el BEe bz Stk 3, o] U3 -sr
A fASE 2L BT T4 Eated 7] A9
LE Wsd ME ¥HERE YRl LY
4 gl D}

ool A F W DAL dohn] 94

2ol AR AYE T 0 9 UYL
A A1 5Es ek 250 mL AdZbEel 2~ Fe] 30 mL
SEREICNEE ZhedstiA 71

=
3}

o £xs} 2AUHE &

asich. of ol siel

=
AR BAZ UGB 43} s ee
MBLAE & AH§3te] $:8% 2 mL A2
Sxs} 4H e Wl SYsrh 30 B4 A
% A5F Table a0l Ve S £ D 250} ¥
S7h sk g e deke g ¢ S

sich Al ApEe B A
=29 FAE duat 4H

o A E Yosle P

2A7HAUSE ¢ % alrh

o] 2FHh cheha 23 93

25 b Fob7) Abee

JEEEEE!
Cag==! A]-EH 27
F Baisjel X2

«

r;‘l rl

el

27 o37]4] izh{}_ cg.e__;i__ _'z.)qlz_]ol
e

1 atm2Z 77 AFthAg)

@l opd di7lge
vhehdc)

T3 el o E 7] ehE A A
el 25 Fztd W3 wex= A3l
Table 1-3 4 et 7213} 2bo) o) g2 A
A BFee g 7ldshes v lesty g
th 23 7S ol &3t AL oY 744 9]
F7t g Aeg g e, 2 F e 7]
Ao 255 43 FA7] ofHE =e 29
W g 9 258 SAd 7)) 25 7}

b Aol ohE Ao de B 7Y
o S S gl o] £AF H2stelr] ¢
B AE Qg Heleh B3], R 18 3_} 4g
WAL 2 she AYE S 2 vl sl
T kAo g B 7k 8 sm 817 %ﬁ =
2 o) A AP Y 4 Y& LE TR
2 4gol 449 B2t sl oﬂz £, 8%
W 7hd g shiete S A BE 2= 77
22 60 °C oW MY 4 YES PoAshe 7
o) & 7hA] whE o 5 9k,

g, st Wl 44 A4 5 9le A
g uldlolely AA3 &5 F7h A F-me
3+ BAE7| 7k Lol shof et o) 2 HA )
A w33 e AAE 2 paEebaast
WAHo2 7} e R AAY FRE
N % 4AL PRk & 3 sdekFig 10)
shuietmd, =7k 1 °C F748 o 0 °C #7<]
12730] Z7hsle 2 %3 H-E 24 3l=A7d A
A Fmzh & FEolofok sk FAld s
Fiellde s E A R2Y p glofek 3t
7] Weleh, 2vh mabA el A A d BE 43
Al A AbgE e 7] T-F B o) g 3Fe) R 2

3) AR S BE 60 °C A2 ool o) A7tk

Journal of the Korean Chemical Society



(a) (b)

g, 1. Apparatus (2) using single volume ¢lement and
{b) using dual volume elements. (5 *]: HI-d, HII-a))
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Fig. 2. (a) limage of apparatus combimng a vial and a
glass tube, (b a schematic diagram ol expernimental
sctup using the apparatus.
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Table 5. Elapsed time for temperature to decrease by
approximately 15 °C.
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Table 6. Control experiments with the glass tube part
placed above the water surface and with the glass tube
part placed in the water.

Glass tube Glass tube
placed laced 1n the
above the P )
) ’ water
water surface
R? 0.998 0.969
Absolute Zero
Temperature -364.2 -203.4

("C, Estimated.)
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Fig. 3. Control experiments with the glass tube part
placed above the water surface (a) and with the glass
tube part placed in the water (b).
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Fig. 4. The volume change of gas with time when water
and glvcerol are used as a plug of the glass tube, respec-
tvely.

& 2AFE AR WYY $3712 283
Soll o] 2 H o o] o] delubA ekl
a7k WA g e Y 4 g
W 22l AE $& Y Aol A vl Hal
glomz 209 oG] A gles Flshsch

e @ e vlEA gAY FF
g o

A ZA=7] e AP AHEEle A2
o] 25387 & ulal oy A3 Al 7t
A7 G=F FA ok gk f 2l F
E5 ol 4% AHE T4 s A&3 % E
2 B2 5 o] vt 2dte AE ¢ -
sirh webrf o) of ghg HAstetr) f)et S
9] ojdke] A9 gl TH S ML el B
ok o] Aol Bl A AY Sl A ES 2}
] s A S B R i DO IR L o
ok 22 2R FelHES o2 ALE3
A3 S slx A5 LUk Table 7, Fig 5).

| 42 7] d ko] flelv) Wil AEH A
& vtehll e A3 27 0992 5 S
w2} ZF 0.969(Table 6, Fig. 3 FZ)Rc} £4 o}
ehtr, 2o 0%l 3 AF J&= 2167 CE
Eoll 8] 22034 ‘CRrt o] Bkl 24 S
LE T U o124 & A2 ALF
-e--ﬂ A HE ZakE 27] Ssl A o
E AL AA EHS A W S s

Journal of the Korean Chemical Society



Stac el G P he) M Aampel 54 2 R 185

Table 7. The data of experiment when glyveerol 15 used
as a plug.

Plug Glyveerol
Temperature Range(°C) 26.6
R’ 0.999
Absolute Zero Temp. ("C. Fstimated) 2167
5.3
5.2+
51+
g 5.0
g 494
g R’=0.9992
4.8
47~
46
30 40 50 50
Temperature (C)
(@)
6
E
2 5
|
o
> 4
M0 2% 20 a0 a0 s = o

Terrpera:ure {T)
(b)
Fig. 5. The data ol'expenment when glveerol 15 used as
a plug. (a) is Lor temperature range from 30 to 60 “C and
(b)1s an extended plot to zero volume.
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