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ABSTRACT. In this study, we analyzed the explanations and examples of Brensted-Lowry model in Chemistry I and Chem-
istry II textbooks of the 2009 revised curriculum. In particular, the definition of the Brensted-Lowry model, the examples, and
the content of experiments were analyzed by the process perspective of chemical equilibrium, emergent process. The ana-
lyzed textbooks were 4 kinds of Chemistry I textbooks and 4 kinds of Chemistry II textbooks in 2009 revision curriculum. As
a result, Chemical I textbooks did not adequately show the chemical equilibrium viewpoint when explaining the Breonsted-
Lowry model. In the Chemistry II textbooks, the examples of Brensted-Lowry model were not present emergent process view-
point, and those were described as sequential viewpoint of Arrhenius model. In addition, examples of experiments to demon-
strate the Brensted-Lowry model of Chemistry II textbooks were insufficient. The experimental examples related to the definition of
acid bases were at the level of classification by the color change of indicators. The experimental examples for explaining the
strength of acid and base were to compare current intensity or amount of hydrogen gas generated from the reaction with metal.
In addition, all textbooks presented the state of aqueous solution when describing the Brensted-Lowry model, causing prob-
lems with differentiation from the Arrhenius model. Therefore, it is necessary to develop examples of experiments to help stu-
dents understand Bronsted-Lowry model by presenting acid and base reaction in the non-aqueous solution state.
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Table 1. Comparison of characteristics of sequential and emergent processes™

Sequential Process Emergent Process

The interactions of the entire collection of all the agents together
‘cause’ the observable pattern

The interaction(s) of a single agent or a subgroup of agents can
(in)directly ‘cause’ the observable pattern

Some interaction(s) have a more controlling (or special) status than others ~ All the interactions have equal status

Agents’ interactions and the pattern behave in a corresponding or
aligned way

Agents’ interactions and the pattern can behave in disjoint or
non-matching ways

Interactions are undertaken by the agents with the intention of achieving

Some interactions are undertaken intentionally to achieve the global goal. local goals only without any intention of causing the in the pattern.

Additive chaining of a sequence of subevents Collective summing of all interactions at each point in time

Table 2. Chemistry textbooks analyzed in this study

W3} A A 2} =TAF
DERERS EEN
= 3 0] = 3435 HIAFTT LS
seH &I Falld 5. 1S
A& 57 otz vl
g3 55 A5

oA P

EVEY

2015 7HQ LS pg ol A ZWEE alEeta 38} 1 1T
A= 2018 AA7HA] ar-sharo]] A-G-E %] ¢Fal §lom,
AEshaLof A= 2009 717 nLs g ol A ko] e
SIS ALESH Stk whebA] o] Aol Al 2009 7
A WS A o A Brensted-Lowry -2 o} 2= )3} [k
SFe 11 WA S chako 2 B A Sech B oha @Al A
ARSI 9 2009 717 BHH I LIAL 450l B3} I
WA= 4T F 859 wAE e E SHith
B}} 1 A 0] Aol IV, ST 58 whe417) o
) 2Rl A of BEE ShE1 gom, 3t Il LA
o A= ‘L. 3o} FH-Ata} H7] HH® achoA o] =
9g 2o meb o] F 4ude] e BHSA
A i A& Table 20 A A 5T

S

Science
concept
Matter Process
i Emergent
Process Process

Figure 1. Categories of science concepts.’*

2018, Vol. 62, No. 4

L

o:

Q1 Chi 5] Aoket Tt Ajye] EREA &4
== E=2 28319 Bronsted-Lowry L@ o tfj st
WA A% A S Ak Chi S%0] Aeket 75
Aol 2 e 44 Wt 24 244 B3 14
9o TeE, 38H VYL Table 13} 2L 540
)& thA] =212 374 (Sequential process)d} H] =212 1}
A (Emergent process) .2 A E3}E| =0 (Fig. 1),272 318+
oA A7) B S Rk steE Y Jid Y A v
Z} & 3117 (Emergent process)©]| 3 g3ttt

H]=2H4 I (Emergent Process) 2] 7d2 &
0] 7lg Bk gk5o] w9 of B F A of] &3tk kst
H I (Process) HT9] /Nd 52 S dOo7|= 529
FAZE E40]7] WZol FF EdMatter) T2 5
H257] 431, 232 74 (Sequential Process) H3=2] 74
£-2 v]&2H4] 117 (Emergent Process)y} 2| 2H2] G-AMA
o]l v]&=2}4 74 (Emergent Process) HEZ 291 % 7]
7] e o]}
4h-97) et o] A, EE A 47] A=Y
2k A Q1 A0 Aol B m HeAtA] 1Y (Emergent
Process) & & o] af | ofoF gt} e}, 44 7] RE3-9] 5
Al AR B A717F 24 Matter)o] 7] wZofl A7) ¥
SUAE £% BAMatendd AZE7] 4190, -9
7] Bo] dAe] AufF o]l Uojih= T (Process) O =
ojs E| T et w|A| Al YAE9 JEA Az Ao =
O 2 WHE A oFa SFeRE--o] A At ke
o Zoll, FAHHCH Y} At EE(NaOH)o| RhLH %]
SH0E AT 915 BHE 7123 QA B gew
§hgo] = AT A7kE of &3 314 (Sequental
Process) 0.2 292157 4t}

o] &3t IA o] 43} Bronsted-Lowry 22 2] A 9]¢}
Apele] AL, AF g Sol sheteolehs B9 B
e =284 HAY dxsto] AAISHL A=A, ETF H]

o

SAA B BYL WGIT YEAE FHHOR

fus

—

d

N

o

S



[\8}
o0
[\
LY
Lot
1=

=

Aholey. B4 oAkl LI oI AL thRE mele] AL

Ry golA tha Zol7} glglott, mE @Ik oA

o2 BRI Qi Ad7]9] Hop, kel A7, %

sk o] 8-S AlElsto] ole} Pl Bl B o] dlA],

A% U8 52 BAstelch B ATo] B4 g B

919l Tsta g uba} 1915k @A LA 300] ofs] mARES
of

2}st 1 WAtAM 2| Brensted-Lowry 22 HAHUAM SetEHS
2 MHAIL 2=

Bronsted-Lowry &.210] 514 55k 2 7helhgol
ok ol TLelu w83 o] FA0] 9loi Al 20097)
A 18-} of| A= Brensted-Lowry 24 2] & 0] 518} [of
AA8tAL, 2FeHgE & 7l -2 Sk Tof| A A FFo-m= M 7 O] of| A
stetgd idS EA17171 o/ F@A H A ol= 2009
N S ol A HHgEE FA| =, o] o) asabg Q1 7ake}
2007 71178 a5 of| A += 21314 % 2} Brensted-Lowry 4}-
@7] mdl2 B 318t 1o A A = o Q1glem, stk g
A A1 gE 5| Bronsted-Lowry A 7] A2l & A|A5h= <
X2 A7 E o] S5tk o1& A eleto] Tuble 3o AAISHSA.

72toll A 20097178 &= o] oj A= SFStul by M-S
A, 73 0T 2007 AR 05 A =
St Il kAol 4] SRS A7) W8 B
kAol A ThE T glon), shelEaS WAl A Al
Bronsted-Lowry &1 2] AR-917| HF-8-2 T}& © 2 & Bronsted-
Lowry =] & WAe 4 Q= 712 o] Aai
gick. el 2000 A BE TGOl H e “shatE A L o)
= 38t 1 o] o], 3F8} T aLA] o 4] Arrhenius &2 2]
AF-&4 7] Hk-S-3} §7 Brensted-Lowry @] 7 ojnl wH 2|
AA = AL, Lol 318t 1T i apa| o A “a} 8t g 7S thF
H A Bronsted-Lowry 2@ 9] “Ab-H 7| HE S t} 2]

7Sk 2007 14 WK L BHHHES ek
sk 11 1.-11 Alo]| “Bronsted-Lowry HL 1”2 HA| A S &2
Hgsheont, 2009 A S TYel M skt I3} ske} 11
W Aol FAH W] 5A 7} AbekA A B9k

k!

)

Table 3. Changes of chemistry curriculums related to chemical equilibrium and Brensted-Lowry acid-base concepts
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Figure 2. An example of the explanation related to Bronsted-
Lowry Acid-Base definition in chemistry I textbook.*
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Table 4. Use of experiments in Chemistry II textbooks

for explain acid and  for confirm the strength

Textbook base definition of acids
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Figure 4. An experiment to explain acid and base definition in Chemistry II textbook.*
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Figure 5. An experiment to confirm the strength of acids in
Chemistry 11 textbook.*
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Figure 6. Comparison of absolute acid strength using ionization degree.
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Figure 7. Comparison of relative acid strength using ionization constants.
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