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ABSTRACT. The purpose of this study was to analyze experiments for the rules of material change unit in 9th grade science
textbooks and develop experiments applying small-scale chemistry (SSC). For this study, experimental methods for the pre-
cipitation experiment, water electrolysis experiment, decomposition of hydrogen peroxide experiment presented in the 9 sci-
ence textbooks were analyzed. Problems and improvements that were needed were extracted by 13 science teachers
performing the experiments. Experiments applying SSC were developed based on the improvements needed. Afterwards, 19
pre-service science teachers performed both the developed SSC experiments and the science textbooks' experiments. A ques-
tionnaire about merits and demerits of the experiments applying SSC was performed. According to the results of this study,
most of the 9th grade science textbooks included the lead iodide precipitation experiment, water electrolysis experiment by
Hoffman voltameter, and decomposition of hydrogen peroxide experiment using catalytic manganese dioxide. Improvements
were needed on the quantity of reagents, time for performing experiments, and scale of experimental apparatus. Merits of the
developed experiments applying SSC which used small amount of reagents were safety, easy waste material disposal, short
reaction time, and reproducible experimental results. Demerits of the experiments applying SSC were difficulty in observing,
decreased achievement, and lack of skill in handling small-scale apparatus. Therefore, if the experiments developed applying
SSC were to be utilized in 9th grade science experiments, it will be possible to use less reagent and be able to teach and carry
out reproducible experiments at the same time. Also, the reproducible experiments based on SSC will help students under-
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stand the scientific concepts for the rules of material change unit.

Keywords: Small-Scale Chemistry (SSC), Precipitation Experiment, Water Electrolysis Experiment, Decomposition of Hydro-

gen Peroxide Experiment, Experiments Applying SSC
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Table 1. Middle school science textbooks
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Table 2. Experiments of the law of definite composition presented
on science textbooks

Experiment Textbook
Precipitation reaction of lead iodide (Pbl,) A, C,D,FGI1
Precipitation reaction of calcium carbonate (CaCOs) E
Reaction of magnesium (Mg) with hydrochloric B

acid (HCI)

Combustion reaction of copper (Cu) A,C,H

Textbook Author Publisher Year of publication
A Kang, M. S. et al. Kyohak Publishing Co. 2003
B Jeong, W. H. et al. Kyohak Publishing Co. 2003
C Lee, S. M. etal. Kumsung Publishing Co. 2003
D Choi, D. H. etal. Daeil Publishing Co. 2003
E Park, B. S. etal. Donghwa Publishing Co. 2003
F So, H. S. etal. Dusan Publishing Co. 2003
G Kim, C.J. et al. Didimdol Publishing Co. 2003
H Kim, J. Y. et al. Blackbox Publishing Co. 2003
I Lee, K. M. etal. Jihaksa Publishing Co. 2003
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Table 3. An analysis of the experimental methods for precipitation reaction of lead iodide (Pbl,)

Experimental methods A D F G I
Solution of constant volume Pb(NOs)2(aq) Kl(ag) Kl(ag) Pb(NO3)2(aq) Kl(agq) Pb(NOs)2(aq)
Size of test-tube O O O x O
Volume measurement Syringe Syringe Spuit Syringe Spuit Pipette
Number of volume measurement apparatus 7 2 2 2 x

Time of precipitation (min.) 5 10 5 10 X
Cautions X O X O O

O: presentation, x: no presentation.

e 7|12 A, C, F A S A2, D, G i
AMO|EE [ WAL S A Sk Q). 181 C,
D, G aL¥}Al = o] 7hebobet 48 F= AIZEO 2 10
5, A F IRA = SRS AAISEL QAL T aldbAf = A
AlStaL QIA] greh w7 & Ao et oA D, G 1
WA uk A A FE Qlch whekA D kA 7F Al o
thato] 7} LA A o' A AL QL.
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9%9] 9%t ‘ﬂ Tt A E WS} A 9 ‘ﬂ'x—!*é s
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ol whet WA S E5F5ko] Table 40 LR SiTh
Table 4ol Aot o] Fo] A7|Ee Aoz Mgt
AR g} 2712 F77F =4, Hoffman2] &9 A7
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s Aoz 7H gol AlAE o] = A2 Hoffmans| =
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Table 4. Electrolysis of water presented on science textbooks

et AR S AIAIRE kA= YA, B, E, F alibAf =
AFAR AUV EFES AAFGo Aad e AFR
Zoll sl A= F aLapAf ol A qt A A= o] Qlet. ®3H F u
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Tsaate] 2o AHTRY MHYHel 2R
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o AAH O] Gt BBk ase] B ABES ATE

Fof wet w3t S B78lo] Table 60 LFEFY QT

Tuble 6014 TArsl4sd=0] Haf HHS Zulz 3717
Edo] =t FuQl o]AFsEIHE C, F wabA] o, 42k
2242 1, E 2apA o, REEE} B G adpA o AA|
w0} itk Lejuh A T Fle) ) x7bolejo] B
7184 Fu) 2 o Arshyzke] 744 wo] A A o] gtk

ojitet iyt @ e e ES SR AMEShe HAES)
G wal Aol HEAALE 9T S WA
= A =of get.

C, F alapajof] AAJE o] = o4tetgits Fulf= AL
L3l AStprhe B AP A9 dakstaagro]
B, BABG 50 AHGF, Soe] oF A4, WS-8,
H3-8719 27] AAl Foll whet ARSIk
Table 6. Decomposition of hydrogen peroxide presented on sci-
ence textbooks

r\lr

ém:i

E
[*]

Reactant Textbook
Experiment of electrolysis of water Textbook H>0, + MnO» CF
Hoffman voltameter B,E,F H,0; + Piece of potato LE
V's method of electrolysis of water G H»0, + KI + Kitchen detergent G
Table 5. An analysis of the experimental methods for Hoffman voltameter of electrolysis of water
Textbook B E F
Introduction of Hoffman voltameter of electrolysis X X x
Electrolyte NaOH(aq) NaOH(aq) NaOH(aq)
Amount of electrolyte Little x 4g
Voltage X X 10V
Electrode Carbon Carbon Carbon

O: presentation, X: no presentation.
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Table 7. An analysis of the experimental methods for decompo-
sition of hydrogen peroxide by MnO; catalyst

Textbook C F
Concentration of H,O» X 30%
Amount of H,0» 10 mL 30 mL
Amount of MnO; catalyst Little Little
Reaction vessel Erlenmeyer flask  Erlenmeyer flask
Size of reaction vessel x x

X: no presentation.

Table 70 LreRY STt

Table 75 A H EWH, C LA = TS 449 525
AAISFAL A ot F mabA = A A SFaL gl ow, TpAk
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[ReEIIE £E&HE 6 mLY Wi, A ¢89S
Al 3ol whet Z12E 19 AJ o]l 0 mL, 281 A9
ol 2 mL, 3 Al ol 4 mL, 491 AJF o] 6 mL, 5
Aol 8 mL, 681 AJ@ 3ol 10 mLAS Yo ¥ 53}
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21 R & o] 29| o] 23 A(Q)7F Ky Tt} vl -5 27]
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L [{o Lok

ox ﬂJlO

Pb*(aq) + 2I'(ag) — Pbly(s)

LR 10% A =8N 10% 2 EopZE 8
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Fig. 1. The lead iodide (Pbl») precipitation height producted on
volume of 10% Pb(NOs)x(aq) reacting 10% Kl(ag) 6 mL.
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A B/ ARAL 2FF] A Sgo] g3
Fols QT 2 Sokg el Folv} Bawofof &
ok ghebA whg-gole] BulE bt g AEEHA 24
Sok st )8 ZASHE 7| P2 Ao 22 A3}
7] W] 38] dl4H 02 e AAA ABA
AP ATEo| oA shokeh 1T AT AR E A
WAE ool SEBFA Bol Yol ol Lol
wetetx) groket
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HpAE - o)A - Uk

Fig. 2. SSC experimental apparatus developed for lead iodide
(Pbly) precipitation.
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o]= Z+Z} 27.0 mm, 27.3 mm, 27.3 mmO| 1, EFHA}=
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Fig. 3. The lead iodide (Pbl) precipitation height producted by SSC
experiment.
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