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ABSTRACT. In this study, we analyzed the values of ionization and ionization constants in the chemistry textbooks devel-
oped during 1945-2009 year. The chemistry teachers compared strength of strong acids in aqueous solution by questionnaire.
In the questionnaire, we searched chemistry teachers' cognitions about the discordance reason of ionization constant for-
mulation and the values in the textbooks. The subjects were 46 chemistry teachers. As results, the teachers compared the strength
of strong acids in aqueous solution based on the ionization and ionization constant values in the textbooks. They didn’t notice
the problem of discordance of ionization constant formulation and the values in the textbooks. Even though they recognized
the problem, they could not find the solution, and thought the problem arrived by experiment error or measurement error.

Key words: Chemistry textbook, Chemistry teacher, Strength of strong acid, lonization constant, Ionization

N = Z33] olssha A Sl A AT 2 A4S S
o] Mg Bl o2l &S AL 4= lrk. ol F WA
0170| 25 apA1e] A ol ol A WA SHE A7 HAReh HakA o
A Q7)o BHAE Y EL 2, 55 Stma T st Qe AAT ATEIE 2Es| A4 D gt 19
shatoll A FRshA ThRI glom, AF 7] Adel tat U ob7kA) Ak 7)) A ol HAL} 7
WA g BT SIS QNS ol AFEe]  AEY AZel A WASH: BAIS ThE AT gk
H27HA) A 44 0.2 o] ol 2|3 glrk.!Y Aol mhem, Zare) o] 2BLEL} o] £3hi4o)
Bl e et A7 E B S AW ARE  ZAge] waAw AAleh Aol e 214lo] g17] Y
£ o] 2ol 27 5te] byl GO FOE R, o] B} of BRFMAEE EFE L7k RO Uehdeh, o2
ol AR 7R Eo] FFo0] Bl 54 olE B ol Sof @4ke] o] BHES} 0969 A%, 4%A =) A4k
A AW Ao BEE Aeo] ool AN olo] ) B Al QltHs AYZhe] 27ASte] 4L 489 Lo
3 ataAke) olsivk 5 o) Ay shsY ZEol S BAE BE o]2oR Yeldtt $HE 0FoR A
Tk A 7] o] Aolw AAleh RSl EakE  SAWY, o] SHT A At 89 Lo B 24
of QAT o] 2T 8- WApA ol AASFAL MAE]  BrH: SES AHOR AT EBERV0] ofg)

-279-



AL MR BT 5E 2009 @87

2 7 4ke) o] £3lE e} o 31
A= 3 arel A7l
%} sheet.

o\l

o
=
~
>
il
1o
o=
_]\i
flo
1
(e}
)
HT
k]

O|2=x Hj&
A A7 = g A A B o] 28}st= A
Aol waka B Lo Al A 2] 100% o] &5}E ). o
o ‘Ao el olu]i 3-4% S=Zo] oy}, 0.0000000
------ *ZOI 7] ol &3 =4 A7 E v
A wolli= 100% o] 23letth = EE o] Fesict]
F 9] o8 ghet wAt Mo 8ol A 3z
042 ZFAto|u ZF A7) = AR glokar :d skl
EZ 7] AEEE o] &dto] oy = HeA Y A
AL, o EALS OliﬂEE ZA}ﬁP ZH98 Table 1011

e Eols 100% Oliﬂokﬂ Olii}iﬂ \ o5 o
‘ZAE} O EAFS 0.0001 MQ] o] A] 41% o] &3}12 &
2~

o
2
=2
X

Aol A AL} 71 4
£ A dolth ek Aol oA &

Table 1. degree of ionization of hydrochloric, sulfuric, acetic acid
at25°C

Concentration of acid HCl H>SO4 CH;COOH
(Molarity) (Percentage) (Percentage) (Percentage)
0.0001 - 100 41
0.001 100 95 12.6
0.01 97 90 4.5
0.05 - 64 1.90
0.1 92 60 1.35
0.2 - 57 0.925
0.5 84 54 -
1.0 80 50 0.43
2.5 64 352 0.20
5.0 42 19.6 0.092
7.0 30.3 10.3 0.051
10.0 18.2 3.80 0.19
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Table 2. pK, of strong acid in college chemistry textbooks
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Textbook Condition HCIO4 HC1 H>SO4 HNOs H;0"
Organic Chemistry (Solomon) - =7 -9 -14 -1.74
Chemistry (Oxtoby, 4th Ed.) 25°C -7 -7 -2 -13 0
CRC Handbook of chemistry & physics (92th) 20°C -1.6

Lange’s Handbook of chemistry (15th) 25°C -1.6 —6.2 -1.37

Physics Chemistry (Atkins) 25°C -1.6 -7 -2 0
Organic Chemistry (Loudon) - -9.5~-10 -10 —-6~-7 -3 -1.7
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Table 3. Response types of items
Item Response Reason (Item 2)

Same The acids are stronger than H;0".

HCI >H,SO,s >HNO; Disparity of ionization values
1. Comparison of the acids H,SO, >HCI >HNO; Disparity of ionization constants

HC1>HNO; >H,S04 Dibasic acid and ionization

The others The others
Item Response Reason (Item 4)

3) The acids are stronger than H;0".

@), (5 The formula of K, and o apply to weak acids.
3. Discordance of a and K, 1), 2),(3), (@), 5 Experiments or measurement errors

1), 2),(3) The value of o or K, is wrong.

(4), (5), no response The others
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Table 4. Values of o and K, of chemistry textbooks according to curriculum
Curriculum Kind of Textbook K, of Strong Acid  Condition of o Value o Value
HC1 H>SO04 HNO;  CH3;COOH
15°C,0.1N 0.9 0.6 - 0.01
Syllabus Period 5 - 18 °C, 0.1 normal solution 0.93 0.62 - 0.0012
0.1N 0.92 0.61 - 0.0134
. 0.1 & &9 0.92 0.61 - 0.013
First 2 -
15°C,0.1 N 0.9 0.6 - 0.01
B 0.9 0.6 B 0.01
0.93 0.62 0.0012
15°C,0.1 N 0.9 0.5 - 0.01
Second 11 - 18°C,0.1N 0.92 0.61 0.62 - 0.0134
0.9 0.6 0.01
O-IN 0.92 0.62 - 0.0134
0.1 mol &< 0.9 - - 0.01
- 0.94 0.62 - 0.0134
18°C, 0.1 N 0.92 0.61 - 0.0134
> 0.62
Third 16 large 18°C, 0.1 M 0.92 - - 0.0134
0.62 0.013
0.IN 0.92 0.91 - 0.0134
0.1 mol =& <1 0.9 - - 0.01
15°C,0.1 & /L 0.92 0.88 - 0.013
18°C, 0.1 N 0.94 0.62 - 0.0134
Fourth 10 large 18°C,0.1 M 0.92 0.61 - 0.013
20°C,0.I N 0.94 0.62 - 0.0134
20°C 0.92 0.62 0.0042
18°C,0.1 M 0.94 0.61 0.92 0.013
Fifth 8 large 20°C, 0.1 M 0.94 8'231 - 0.013
18°C,0.1 M 0.94 0.61 0.92 0.013
18°C 0.94 - - -
Sixth 12 large 20°C,0.1 M 0.94 0.62 0.92 0.013
0.1M - - 0.92 0.013
25°C,0.1M 0.94 - 0.92 0.013
large 18°C,0.1 M 0.94 0.92 0.013
Seventh 3 HCL: 107 20°C,0.1 M 0.94 0.62 - ggg
102 o .
H>S04: 10 25°C,0.1 M 0.94 - 0.92 0.016
. HCI: 107 20°C,0.1 M 0.94 0.62 0.92 0.013
2009 Revision 4 H,S04: 10° 25°C,0.1M 0.94 0.62 0.92 0.013
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Table 5. Teachers’ responses of strength comparison among strong acids in the water and the reasons

Strength Order of Strong Acids Reason Number / Percentage
Same The acids are stronger than H;0". 7/15%
HCI >HNO; >H,S04 Disparity of ionization values 21/46%
HC1>H,SO4 >HNO3 Disparity of ionization constants 10/22%
H>SO4>HCI >HNO3 Dibasic acid and ionization 8/17%
Total 46 /100%
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Table 6. Teachers’ responses of the discordance of K, and o value

Multiple choice no. Reason Number / Percentage
3) The acids are stronger than H;0". 1/2%
@), (5 The formula of K, and a apply to weak acids. 9/20%
1), (2),(3), @), (5) Experiments or measurement errors 21/46%
D, 2),03) The value of o or K, is wrong. 11/24%
(4), (5), no response The others 4/8%
Total 46 /100%
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