
Hans-Dieter Barke
University of Muenster, Germany
Barke@uni-muenster.de

Misconceptions that instructors
inadvertently create through their teaching
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Chemistry misconceptions – diagnosis, 
prevention and cure 
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Barke‘s 3-level concept (1986):
phenomena – structural models – chemical symbols

.
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Johnstone´s triangular concept (2000)
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Example for Submicro level: „beaker model“ of
particle arrangements for neutralization
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Barke, H.-D. et al: Misconceptions in Chemistry. 
Berlin, Heidelberg 2009 (Springer)
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Preconcepts and school-made misconceptions

 Preconcepts: brought by children through careful
observation in their every-day life: 
- combustion („something is going away“),                
- transmutation of substances („copper changes
from red to green, iron from grey to black“),           -
gases are substances? („they have no mass“), etc.

 School-made misconceptions: developed by
inappropriate teaching on the representational level:                 
- chemical equilibrium („reactants and products show
same concentration, same amount of substance“), 
- weak acids („they have a pH of 3 or above“),          
- redox reactions („oxygen is always involved“),  etc.
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Preconcept and School-made miconception: 
Formulas – but no scientific mental model (Barke, 1980)
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School-made misconceptions (Sopandi 2003):
molecules and ions in „Bonaqua“ mineral water 
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School-made misconceptions (Sopandi 2003):
molecules and ions in mineral water 
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Hausgemachte Fehlvorstellungen

Antworten aus St. Petersburg (Dr. V. Davydow)
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School-made misconceptions:
Mental models of salt crystals and salt solutions
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School-made misconceptions:
Mental model of ionic bonding (Taber, 2002)



Textbook-made misconceptions: a picture from a 
Tanzanian chemistry book for Secondary schools
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School-made misconceptions:                           
NaCl structure and ionic bonding (Hilbing 2003)



Early introduction of three kinds of particles: 
atoms, molecules, ions
(German textbook for grade 7, Schroedel 2016)
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Periodic table of basic particles of matter -
atoms and ions: (see also: www.educhem.edu )
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Prevention of misconceptions:
Combination of basic particles – without altering them 
(Sauermann, Barke 1997)

 1.   Metal atoms „left and left in PSE“:


 x  Ag  Agx (metal structure,  closest sphere packing)



 2.   Nonmetal atoms „right and right in PSE“:


 1 C atom +  4 H atoms  1 CH4 molecule (tetrahedral)

 3.   Ions „left and right in PSE“:


 n Na+ + n Cl-  (Na+)n(Cl-)n (ionic lattice, ionic bonding)





Hans-Dieter Barke - University of Muenster 
Germany

24

Prevention of misconceptions:
building sphere packings to visualize metal structures
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Prevention of misconceptions: building sphere
packings or ball-stick models to visualize salt structures
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Questionnaire „Which atoms, ions or molecules
react?“ (Asih Wisudawati, AJCE 2019)
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Explain following reaction equations in four ways:

a) Which atoms, ions or molecules are involved in the reaction?
b) Write down the equation of those atoms, ions or molecules which react.
c) Which atoms, ions or molecules are NOT reacting?
d) Redox or acid-base reaction?  Explain transfer of electrons or protons.

One example:

Zinc reacts with diluted sulfuric acid, gaseous hydrogen is observed:
Given equation: Zn(s)    +    H2SO4(aq)     ZnSO4(aq)    +     H2(g)

a) Zn +  2 H+ +  SO4
2-
 Zn2+   + SO4

2- +   H2

b) Zn atom +  2 H+(aq) ions  Zn2+(aq) ion +   H2 molecule

c) SO4
2- (aq) ions do not change, they are spectator ions

d) Redox:  Zn atom gives two electrons to 2 H+(aq) ions



Challenge of misconceptions by Submicro level: 
Which atoms, ions or molecules are reacting? 
Acid-base or redox reaction?
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Mg   +   2 HCl(aq)    MgCl2(aq)   +   H2

Mg atom + 2 H+(aq) ions  Mg2+(aq) ion + H2 molecule

Electron transfer – Redox reaction:

Donor:   Mg atom   Mg2+(aq) ion  + 2 e- (Ox.)

Acceptor:  2 H+(aq) ions + 2 e-
 H2 molecule  (Red.)



Challenge of misconceptions by Submicro level: 
Which atoms, ions or molecules are reacting? 
Acid-base or redox reaction?
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MgO(s)  +  2 HCl(aq)    MgCl2(aq)  +  H2O

O2- ion + 2 H3O
+(aq) ions    3 H2O molecules

Proton transfer – Acid-base reaction:

Donors: 2 H3O
+(aq) ions  2 H2O molecules + 2 H+

Acceptor: O2- ion + 2 H+ ions  H2O molecule



Challenge of misconceptions by Submicro level: 
Which atoms, ions or molecules are reacting? 
Acid-base or redox reaction?
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Mg(OH)2(s)  +  2 HCl(aq)    MgCl2(aq)  +  2 H2O

2 OH- ions + 2 H3O
+(aq) ions    4 H2O molecules

Proton transfer – Acid-base reaction:

Donors: 2 H3O
+(aq) ions  2 H2O molecules + 2 H+

Acceptors: 2 OH- ions + 2 H+
 2 H2O molecules



Questionnaire „Which atoms, ions or molecules
react?“ (Asih Wisudawati, AJCE 2019)
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At the end of the questionnaire it was asked:

9. Which of the alternatives (a) – (d) is the most difficult for you?

„Most difficult answer“ is „(d) Explain transfer of electrons or protons“.
Comments are: „proton or electron transfer confuses me, because I need basic 
concepts of chemistry, because we need to understand (a) – (c), because one 
has to understand function of particles“.

10. Do you like to go with (a) – (d) so deep into the Submicro level?

Comments: „Yes – to differentiate redox and acid-base reactions, it can help to 
understand chemistry better, yes - because it can support to be a better 
teacher, yes – because I can improve my understanding of chemistry“.



Johnstone´s triangular concept (2000)
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