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ABSTRACT. The contents of chemical reaction in the science textbooks. used by starling from elementary school to
college level. were investizated how much closely connected with them. For this purpose. nineteen subjects of chemistoy
contenls were selecled and the articulation analvsis. classilied inlo 5 criteria. was carried out. The results indicated that
the articulation from elementary school o middle school looked quile aceeptable, but there was a big gap from middle
school 1o high school and the articulation from high school 10 college exhibiled a big overlap and gap. Finally, the Row
map of chemical reaction was suggested.
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fuble 1. Concerned chapter of cach school level (by publisher)

. Junior igh school ) )
LElementary school  Publisher High school Publisher College
2nd grade 3rd grade

L Scienee of Chemistry-hLaterial
1. Atom and Molecule 2. Formular weight 3. Reaction formular
IV, Chemical bond
IIL Material change 1. Type of chemical bond 2. Covalent bond and molecule
L Composition of Material 1. Electrolyvte solution 3. Intermolecualar toree
Dong-A 1. Compound and Llement2. Acid-Base Reaction V. Element and compound
2. Llement and Molecule 3. Osidation-Reduction 1. metallic compound and nonmetallic compound
Reaction 2. carbon compound
¥I. Chennical reaction

Stoichiometry and the
atomiic theory of material.
chemical equilibrum, acid-
Ja-xu  base equilibrivm, chemical
Academy hinetics, polyelectronic
atom and chemical bond.
arganic chemistry and bio-

- . . o chemistry
1. chemical reaction and energy 2. chemical equiliboium :

3. acid-base reaction 4. oxidation-reduction reaction

1. Science of Chemistry-Material ;50—
3-2 1. Atom and Aolecule 2. Formular weight 3. Reaction formular . o
. o . atom. molecule and on. -
1. Acid and Base . INT Chemical bond . . S :
I Matenial change chemical reaction, stoichi- =

1. "lype of chemical bond 2. Covalent bond and mwolecule

L. Composition of Material 1. property of clectrolyvte ometry. conecept of bond-

6-1 - . . . . 3. Intermolecualr [oree . . .
Reum 1. Compound and Eloment — solution . [am-gu ing and chemical structure.
3. Molecule . . it . . ¥. Flement and compound . . :
sung 2. Regulations of matenial 2. Acid-DBase Reaction : . dang  concept of chemical bond- o
.. o . 1. metallic compound and nonmetallic compound ) . . L
composition 3. Oxidation-Reduction ng. chemical kinetics, oL
6-2 . 2. carbon compound . O . =
. Reuction o \ ) chemical equilibrium, acid-
3. Oxvgen and VI Chemical reaction ; .
. L . ) , I base, organic chemistry
Carbon dioxide 1. chemical reaction and energy 2. chemical cquilibrium :
3. acid-base reaction 4. oxidation-reduction reaction
L. Science of Chemistry-Material
1. Atom and Molecule 2. Formular sveight 3. Reaction fonmular
TV, Chemical bond atom. molecule and on
L Material change 1. Type of chemical bond 2. Covalent bond and molecule stoichiometrny: atomic

structure. chemical hond.
covalent bond. chemical

L. Composition of Material 1. Electrolyte solution 3. Intermolecualr foree
Kyvo-hak 1. Compowmd and Llement 2. Acid-Base Reaction V) Llement and compound

Publisher

2. Element and Molecule 3. Oxidation-Reduetion 1. metallic compound and nonmetallic compound kineties. chemical equilib-
Reaction 2. carbon compound rium, acid-hase. organic
¥I. Chemical reaction chemistry

1. chemical reaction and energy 2. chemical equilibrium
3. acid-base reaction 4. oxidation-reduction reaction
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Fuble 2. Analyzed chapter for the articulation of chemical reactions (example of cach school level)

Elementary school
(Mmistry of Education

Junior high school (Donga publisher)

High school (Donga publisher)

College (lIshin publisher)

unit

5.2 Seienece 1
1. acid-base
(1) acidic solution and b.
{2 acid and base in life

of the material
1. property of’ compound
2. separation of’ compound

¢ solution

. 6_‘] .

3. moleeule Seience 2

(1) molecule I. Composition of material
(2) molecular movement 1. compound and clement

2. atom and molecule

S 6-2 :Science 3 -
3. oxvgen and carbon dioxide [IL Material change
L. clectrolste solution
2. acid-base reaction
3. axidation-reduction reaction

111 Physical property and separation

- Chemistry
I. Suience of chemistry-material
1. atom and mwolecule
2. formular weight
3. reaction formular
1L State ol material and solution
1. gas. Tiguid. solid
3. solution
111 Atomic structure and the periodic law
1. atomie structure
2. periodic law
T\" Chemical bond
1. type of chennical bond
2. covalent bond and molecule
3. intermolecular foree
V. Element and compound
1. metallic compound and
nonmetallic compound
2. carbon compound
¥I. Chenmical reaction
1. chemical reaction and energy
2. chemiecal equilibrium
3. acid-base reaction
4. oxidation-reduction reaction

s General chemistry -
1. the basis of chemistry
2. clement. moleculs. ion
3. stoichiometry
. stoichiometry and chemical analysis
gas
. thermochemistry
atomie structure and periodicity
& chemical bond
9. covalent bond-orbital function
10. ligquid and solid
11. property of solution
12. chemical hinetics

[N

-~ o

13. chemical equilibrium

14. acid-base

15, practice of equilibrium in aqueous solution
16. spontaticous entropy

17. electrochemistry

18, representative elements

19. representative element: 15-18 group

20. transition metal and coordination chenuistry'

21, view of nuclear chemist
22, organic chemistry

23, biochemistry

24 industrial chemistry
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380 2t

Tabfe 3. Criteria reterred to judge the articulation

o)

Tvpe Cntena referred to the each tvpe
A First mtroduction ol the concep
B Same level compared (o the fonmer level
C Dereloped mnd understandable level compared to the former level
D Diflicult understanding level due 1o the much mtroduction compared to the former level
E Inpossible understanding level due to the big gap compared to the former level

*D-T type was classitied with the medium level between I tvpe and T
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fuble: 4. Companison with objects and contents in compound

Level L i )
Elementary school Junior high school High school College
Items ' N
. Chemistry
6-2 - . . .
small . - 2 1. metal compound-ionic bonding material
. 1. oxigen and carbon dioxide . -
unit . 1. compound and element nometal compownd-covalent bonding material
2. combustion
2. carbon compound
. . 1- 1. identily to the characteries. method and
1-1. explain and drawy a comparison between . . ) . . . o . ]
. - 1-1. explun the principle of a chemical reaction by combustion  use of the metallic and nonmetallic compound
. oxide and carbon dioxide . - - . S .
object e e 1-2. explain the dillerence between a compound and mixture 1-2. identify the class and structure of hydro-
2-1. identify the difference between reactants . e . . L N :
- ; ) 1-3, explain the principle of analvsis and chemical combination car bon. understand each property and reae
and products by the combustion of a candle . . - s :
: tion of hydrocarbon derivatives
1-1-1_ alkali metals and compound
1-1-1. methanol + oxide ----- carbon dioxide —water the chloride of alkali metals. hyvdroxide. a carbonate
1-2-1. We understand the difference between the misture 1-1-2. halogens and their compounds
and the compound in the reaction of an iron and asulfur  Tlydrogen halides. Salt halides. Detection of
e and the meaning ol’the compound. halides
1-1-1. Put manganese dioxide and hvdrogen Z P . . . .
e ) compound : a substance composed of atoms of two or more 1-1-3. oxide
peroxide in a bottle and then produce oxyvesn . . . . N . ] .
. . elements chemically united in lixed proportions mietal oxide. sulluric oxide. nitrogen oxide. 1. tonic compound
gas. And then put a {lame of 'matceh in the bottle ., N Co N N . )
S o 1-3-1. We realize the principle and general form of the resolution carbon oxide 2. covalent compound
and identify the property of this gas. . . . . . . . .
v ' L . meaction through the resolution experiment of sodium chlorate  1-1-4. hvdride-hydrogen sulfide. ammonia 3. inorganic compound
1-1-2. Drop diluted hydrochloric acid on a lime \ - -
contents ¥ pyrolysis 2-1-1. carbon compound 4. carbon compound

stone and produce canbon dioxide gas. And then
put m candle hight and lime water and identity
the properts of this gas.

2-1-1. sool, water and carbon dioxide will be

combustion by the catalyst
. electrolysis

generaled afler combustion of*a candle . N . . .
= general form of the chemieal combination reaction.

#chemical combination reaction:

saturated hvdrocarbon-alkane. cycloalkane.
petroleum unsaturated hydrocarbon-alkene.

1-3-2. We understand the principle of the chemical combination alkyne. aromatic hydrocarbon
reaction through the ssnthesis experiment of the zine iodide and 2-1-2. hyvdrocarbon derivative

- alcohol. ether. aldehyde. ketone. carboxylic
acid. ester

the reaction to be fonmed one hind material alter the material - aromatic hydrocarbon derivative

vver two Kind reacts

- phenol, aromatic carboxylic acid. aromatic
nitro compound, aromatic amine

(organic compound)
3. coordination com-
pound

itk Stz
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fubhe 5. Comparison with objects and contents in reaction equation and stoichiometres

Elementary . . . ,
© Junior high school High school College
school
- chemistry
1. tommular weight
smal] -2
. 2.mole
unit 1. molecule s
3. reaction formular
4. stoichiometry
1-1. 1-2 Interpret the mass relationship in a chemical reaction to use the atomic
1-1 Representing chemical equation on the basis of’ weight, molecular weight and chemical fomular weight, and the volume rela-
object atonie theory and understanding the meining ol chemi- tGonship (o use the coneept ol mole.
cal equation. 1-4. deternnine the exact chemical equation to use the chemical fomular and
understand the meaning of the chemical equation.
1-1. Zatomic mass unit : a mass exactly equal to one-tweltth the mass of one
carbon-12 atom Z
#moleeular mass : the sum of the atomic mass a2
: - . . - - . -
*chennical fomular weight: the sum ol masses im the jonie-compound =
1-2.L'mole : 1 equal 10 6023 10% particles. =
1-1-1 *method of' making reaction lomular olume of gas 1 mole : 2241, at standard state
1% write reactants on the left and produet on the right Determination of molecular weight by volume of gas 1 mole !
¥ Begin balanemg the cquation by trving different coof-1-3. method of making reaction formular A “d
S = NS S reaction fomular ¢
ticients tomake the number of atoms of cach clement the identify all reactants and products \ , oL
) N . i . L e . . Balancing chemical =
same on both sides of the equation dentily their chemical formular. iFFiCs necessary. wiite on right by )
o Lo . L : s ceuations
*reaction formular sing the Tetters(solid), I(liquid). g(gas). ag{aqueous) Meanine of chemical
. . . . . . < chenic:
-the expression of the chemical change 10 use the chenn- reactants are written on the left. products are wiitten on the nght, con . L:lli()!?ﬁ ’
. = . quations
contents cal tomular neet the letter of -~ or - !

Fthings which are identified by reaction formular * balanoe oquation by tving ditterent cocfticicnts to make the mmber of atoms

e . p . *0ovield—
reactant and product law of balancing the chemical equation

actual vield

nHef

molecular number of reactant and product Identify all reaction and product and srite their comect fomulars. “eorctieal vicld 100
&7 o lnw of conservation of mass and a law of definite -2# Being balancing the equation by trving different coellicients to make -

proportion are formed the number of atoms ol each element the same on both sides of the
T2 a law of gascous reaction is formed in case of gas™s cquation.

reaction 3 Cheek vour balaneed equation to be sure that you have the same total

number of cach tyvpe of atom on both sides of the equation arrow.
1-4. The meaning of chemical eyuation
13 What means that the chemical reaction is.

The basic rules of the reaction
1The chiemical relationship of the reaction.

N IUE PRI, 3 WIS Y AT JO fir
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Tuble 6. Comparison with objects and contents in hyvdrogen bond

Llementary Junior high .
: High School College
school school gh s
small 1. formation of the hydrogen bond
unit 2. physical properties of hvdrogen bond
. 1-1 Understand the hvdrogen-bonding in polar moleeules.
object ) Lo . . .
: 2-1 identify the general properts of hydrogen bonding material
. .. 1-1-1 hydrogen bond : a formation ol interaction between high electronega
A the strength of clectronegativity b . S -
FSOSN. Ol SH> tive atom and non-covalent clectron pair of the hydrogen atom
' . R It's ever weaker than strength of the covalent bond. but it is strong as it can’t
1-1-1 formation of the hydrogen bond .
. . . . break in room temperature
mteraction between the hvdrogen aton in a polar bond. such . :
e o Fi(g) | HF(g) — (F---H---F)(g)
as I=IL N-1 or O-I1 and an clectronegative 12 N or O atom
. . Aff=-162 kT mol
ex) 117 -1 . . S
. . - . - 2-1-1 character of water by hvdrogen bond: such nature gives the life big
A duner are n the form of a hvdrogen bond and the boiling . oS s
contents . . influence
point is higher than the molecule which the hydrogen does . T
= CF swater @ HLO incach moleeule takes part in four intermolecular hydrogen
not combine. )
R . . bonding,
2-1-1 The nature of a hydrogen bonding material
T = tetragonal

1. high speeific heat

2. high boiling peint

3. high molar heat of vaporization

4. the waler becomes the hexagon when it is frozen..

high molar capacity
“ice 1 formation of hydrogen bond
hexagon ring shape
less dense then its liquid state

2l [lodlatels
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Table 7. Stepwisce analysis results of 19 subjects
School level Flementary schoaol Middle schaol  High school College

Subject 5 6 1 2 3 chem. general chem.
1. Elemem A D D-E
2. Alom A D D
3. Molecule A D C D-E
4. lon A B B
3. Compound A C E C
6. Chenical Fonnula A C B
7. Reaction equation and stoichiometrics A D B
8. Chemical reaction { 1) [{eat of reaction A D B

{2) Reaction rate A DAL

(3) Chemcial equilibrium A C
9. Ionic Bond A D-L.
10. Covalent Bond A DAL
11. Coordination Bond A D
12. Metallic Bond A B
13. TIvdrogen Bond A C
14. Dhispersion Torce A C
15, Dipole moment Force A C
16. Polanty of Bond A B
17. Molecular Shape A D
18. Acid and Bse A C D-E C
19. Oxidation and Reduction .
(1) Concept of Oxidation and Reduction A ¢ D ¢
(2) Onxadized agent and reduced agent A C B
{3) Oxadation-Reduction Equation A D C
{4) Application '1. Electrolysis A E

.22 Electric cell A D D-E
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Table 9. Curricular connection analysis between each school level
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Macroscopic aspect

Defiuition

Alomic Theory

Atornic Model

Octet Rule

Coulomic Force

" Polarity of Bond

Mcglecular force

Molecular Maodel

Polanty

Non polarity

Hydrogen Bond .

Dhspersion Foree

SRUTE - RS -

Leaming Contents

Junior high school

» Compound and Element

- Atom and Molecule

~ Reacion of Acid and Base
- Reaction of oxidation and

reduction

- Electrolvsis Sofution

High school

- Formation of Tonic Bond
» Property of jomec molecule
- Property of molecular

material

- Molecular Force

» Hydrogen Bond

» Dipole Moment Foree
» Dispersion Furce

- Polarity of Rond

~ Palar Molecule

- Nonpolar Molecule

- Molecular Structure

- Metallic Bond

+ Alloy

College

Electron Pair

Repulsion I'nnciple

+ Ionic Bond
+ Formanon of Covalent Bond
+ Shape of Molecular

orbital function

- Hydregen Bond

- Dispersion Force

- Dipole Moment Force
» Electronegativity and

Polarity

» Molecular Shape and

Bond Angle

» Transition Metal and

Caoordination Theory

- Metallic Bond (Bond Theorv)

Microscopic aspect

Element

Atom

Molecule

Compour.d

lon

Tonic Radius

Covalent
Radius

Tength of
Covalent Bond

| Electro

l negativity ,

\
|

Ligand

Noncovalent
electron nair

- Dipole

Fig. 1. Macroscopic and microscopic aspects in cheniical reaction.
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