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Barke's 3-level concept (1986):

phenomena — structural models — chemical symbols

+

Phenomena  Substances and their properties  Chemical reactions
¢ e At ‘ ________________ |

Structural Structural models of substances  Structural models of substances

. Imaginations Connections to properties before and after the reaction

|

@ ¢ #

[ : i

. Chemical Formulas, structural symbols Chemical equations
Symbols

Figure 2. Structural imaginations: mediator between phenomena and chemi-
cal symbols (2]
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Johnstone’s triangular concept (2000)

“Macro”: what can be seen,
touched and smelled

“Submicro”; atoms, ions, “Representational”: symbols,
molecules, chemical formulae, equations, molarities,
structures tables and graphs

Hans-Dieter Barke - University of Muenster 11
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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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Misconceptions
in Chemistry

Owerthe last decades several researchers discovered that children,

puplis and even young aduits develop thelr own understanding of
ly works”. These pre- concep

gases or conservation of mass are brought into lectures and teachers

have to diagnose and to reflect on them for better Instruction.

In 2ddition, there are school-made

equilibrium, acid-base or redax reactions which enginate from

Inappropeiate currlasium and Instruction matertals. The primary geal of the

‘this menograph Is to help teachers at universities, colleges and schools

o and ture’ the pre. In case of the school-made o oS
1t will help topr from the very beginning Yeat Awari ffom the Tennessee Science.

through refiective teaching. The volume indudes detalled descriptions Teachels Asz1dation.
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Addressing Perceptionsin
Chemical Education™-—

of dass-room experiments and structural models to cure and to prevent
these misconceptions.
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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.

s 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.

Hans-Dieter Barke - University of Muenster 14
Germany



Preconcepts of children:

Children's ideas in science (Driver 1985)

Mw

A small amount of iron wool was placed on pan P, and
waights were added to pan Q to balance the scales.

The iron wool was then removed and heated in air.

it formed a black powder which was carefully coliected
and retumed to pan P.

What do you expect to happen to pan P?

Explain the reason for you answer,

............................

Pras wer2, being bumk, audoy
e s meaking i lighter

-------

..........................................

B Sun's rays Air tight stopper
Lens | M
Flask
Phosphorus
Water

A piece of phosphorus was held in a flask as shown in the
diagram. The mass of the flask and contents equalled 205 g.
The sun's rays were focussed on the phosphorus, which then
caught fire, The white smoke produced slowly dissolved in
the water,

After cooling, the flask and its contents ware weighed again,

(a8) Would you expect the weight to be:
D A Morethan205¢g

[]8 20sg Tick in the box
next o the

C lessthan205g answer you
choose.

D D Not enough information to answer

(b) Give the reason for your answer:

---------------

......

.....



Preconcepts of children:

Formulas — but no scientific mental model (Barke, 1980)

Questionaire

L. Write the chemical equation for the combustion of magnesium:

2 Mg + O —_— oZ.NgO

2. Describe what happens to the small particles of magnesium during the combustion:
W%wm cad“q,ius —Lov-o ICua{; a—ﬁ /ocx,w’-\.'c/(ep:
owne eA/a_,PWcaj‘e)s‘ 'oy couwb u,g—:(_,w . ‘e o‘Hz\er One

3. Draw your imagination of what happens to the small particles of magnesium:
X XK ¥
=

OO xOx 5 /'r - >
X OxOxO N o fud
OrOxOx T~

SERRR.

O :b\.\a%t«o_»-\'uw O = Waa uemsiauom oxide X = 3“’

Figure 1. Questionnaire about the combustion of magnesium (teacher questi-
ons in block letters, stitdent respornses hand-writter)




Preconcepts of children:
Concept Cartoons for diagnosis and challenge
(Temechegn, Sileshi 2004)

m Performing key experiments, asking for
explanation and discussing explanation,
showing concept cartoon for diagnosis

m Teaching the scientific concept after
reflection of alternative concepts of childs,
asking for new explanation

m Comparing the answers of the concept
cartoon , finding the right answer

m Defending inappropriate statements of the
cartoon with the new scientific concept.

Hans-Dieter Barke - University of Muenster 17
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A sample of pure water is intensely heated in a closed container.
What is the composition of the vapor?

Oxygen gas
and ﬁmegm gas

Water, hydrogen and
oxygen

What do you think?




School-made misconceptions (Sopandi 2003):

molecules and ions in ,,Bonaqua™ mineral water

3. Mineralwasser
Auf dem Etikett eines Mineralwassers (sieche unten) liest man ,,mit Kohlensdure“ und die Namen

ehrerer Salze: Im Mineralwasser sind Salze und Kohlenstoffdioxid gelost.
2. stimmt O.. stimmt nicht O.. Ich weiB es nicht

Mogliche Griinde fiir Deine Antwort :

B(. Mineralwasser enthilt CO,-Molekiile

O.. Mineralwasser enthilt kleine Salzkristalle

O.. Mineralwasser enthidlt Molekiile mehrerer Salze

.. Mineralwasser enthilt Ionen mehrerer Salze

O demeepent Begrndiie® - ....coununmnsnnms s s misrmrrasmnssnsnes

-----------------------------------------------------------------------------------------------------

-----------------------------------------------------------------------------------------------------
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PARKUNG ——
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Etikett eines Mineralwassers Teilchenvorstellung des Mineralwassers




School-made misconceptions (Sopandi 2003):

molecules and ions in mineral water

Griinde fiir deine Antwort :

_Mineralwasser enthilt Kohlendioxid-Molekiile
_Mineralwasser enthilt kleine Salzkristalle
_Mineralwasser enthilt Molekiile mehrerer Salze

: Mineralwasser enth‘ailt Ionen mehrerer Salze
ahwmlﬁm

00000¢

-----------------------------

------------------------

Meégliche Griinde fiir Deine Antwort :

.. Mineralwasser enthilt CO,-Molekiile

O.. Mineralwasser enthilt kleine Salzkristalle

O.. Mineralwasser enthilt Molekiile mehrerer Salze
®.. Mineralwasser enthilt Ionen mehrerer Salze

O.. deine eigene Begriindung:

...........................

.................................................................

................................................................

H,O

<t ,L0O,
ACA Hw3

Mg L )

Teilchenvorstellung des Mineralwassers
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School-made misconceptions:

Mental models of salt crystals and salt solutions

Kristallisation von Kochsalz aus der Losung

4.

a)

b)

2

Bine Natriumchloridiosung enthdlt Na*-lonen und Cl"-Ionen. Verdampft das

Wasser, so bilden sich weifle Natriumchloridkristalle.
a) Zeichnen Sie [hre Teilchenvorstellung auf, b) kreuzen Sie an.

vor d. Verdampfen

Die Losung ist "neutral” ;- A ja,
Der Kristall ist “neutral" : B ia,

-‘ﬁ.)

e  Aag
NINCS

PRE o

Ve 1 O

wahrend

O nein
O nein

ba ¢
bags

VaQ

fiach d. Verdampfen

Begrunden Sie: .. wasdh CA”
gu@»ws.‘{mm ................



School-made misconceptions:
Mental model of ionic bonding (Taber, 2002)

Abb. 5.15. Modellvorstellung eines Schiilers zur Ionenbindung [16]



Textbook-made misconceptions: a picture from a
Tanzanian chemistry book for Secondary schools

MNITUTTIRA LIEZATION RIEACTION
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School-made misconceptions:
NaCl structure and ionic bonding (Hilbing 2003)

s The same » )

electron
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Periodic table of basic particles of matter -

atoms and ions: (see also www.chemischdenken.de )

O ngmetalzatomsHoe o) non-metal-ions (green
number abowe the atom: number of
directional forces in common melecules

metal atoms (blue)
metal ions (red)

Periodic Table

L 2z A 0w H_. He
0 e E\;-Jp'\ 10" m @@5 H 3
H =
G D ( Forces of the basic r{afticles ; B ‘cC N ‘o >F Mo
Metal-atoms exert a non-directional force. {
@ Li* 9 Be* Bicogmetafatomsgexenalntmbe lorfidine ctionalRfo neesy Yo N 0% g =
Metal ions and non-metal lons exerta § = .  TEemmeal ~ - — =
nen-directional force towards each other. = P 35 245 < 1357
@ @ — D s P s &t Ar
= 2+ - + i g4 3- 200 -
D na' O Mg car oS 8 @D @
P 35 245 1357
OO @000 2 @22 020 @ ¢ & & % &
- 3 2+ 3s 1% - 5+ « 6+ P~ 7+ 3 - 34 -2+ - 2+ z+ 3+ : 4+ 3- 2- =
K Dca* Isc* OTi* oV Cr*" “Mn™ OFe™ OCo™ N OCu™ OZn* 9 Ga" I Ge" As) Se) Bo)
ACr* IMn* JFe* JCo™ INI* 9Cu’ e, =
iss 245 1357 —
OO O0Oococeoooe0 © ¢« =+ i
JRb* PGS YY" Jzr* IND™ IMo*™ OTc™ IRu* ORh™ DPd> JAg' DCd” P In* dSn* OSb™* Ted I
OO OVooocc0000 0@ @ » & @
chv \)B&Z‘ QLa3+ DHF" ITa*> QW 2 Re™ 20s* DIt QP¥ OAu' Jngo QTF‘ Qpbzv :)Bisb
' ° Os™ Pt G Hg" d Pb*™ |

First published 1958 by Prof. Dr. E 3randenberger,

lonized molecules

(

Combination guidance:
Metal atoms can be combined mainly
to crystal packings (left-left).

-

e

Biearmetal amms cem ba < d o < 9 D
fnainiyRtoRmatecutesEiEhtyripit)y . =
i Metal ions and non-metal icns can be combined OH NH, NO, HCO, SO~ HSO,”
to crystal packings (left-rigas). co* PO HPO>

continuously developed in school classes by:
Prof. Dr. Dieter Sauermann, Munich
Prof. Dr. Hans-Dieter Barke, Minster
Reinhard Rélicke, Minster
Or. Claus Hilbing, Detmold
Layout: Frank W Seebsrger, Munster
Version 201C-12-07-en-eco
www. thinking-chemistry.oxrg


http://www.chemischdenken.de/

Prevention of misconceptions:
Combination of basic particles — without altering them
(Sauermann, Barke 1997)

+

1. Metal atoms ,left and left in PSE™:

X Ag - Ag, (metal structure, closest sphere packing)

X

2. Nonmetal atoms ,right and right in PSE™:

1Catom + 4Hatoms - 1CH, molecule (tetrahedral)

m 3. Ions,left and right in PSE":

|
N n Nat + nCl- > (Na*),(Cl), (ionic lattice, ionic bonding)

Hans-Dieter Barke - University of Muenster 27
Germany



Prevention of misconceptions:
building sphere packings to visualize metal structures




Prevention of misconceptions: building sphere
packings or ball-stick models to visualize salt structures




Discussing Concept Cartoons to avoid most
misconceptions: (Temechegn, Sileshi 2008)

+

m Performing key experiments and taking
concept cartoons for first explanations, also
for diagnosis of misconceptions.

m Teaching the scientific concept after reflec-
ting misconceptions and finding the right
scientific statement in the concept cartoon.

m Discussing the statements of the cartoon
and applying the new scientific concept to
find out why some statements are wrong.

Hans-Dieter Barke - University of Muenster 30
Germany



What species are present in hydrochloric acid ?

HCI1
molecules

HCI (aq)
particles

H ' (aq) ions
and Cl~ (aq) ions

H'Cl-
particles

What do you think? OO@




Prevention of misconceptions:
molecules and ions as acid or base PARTICLES

[ AP ) Y PN [P (S PSY bR e o e A 5
L (i e  foi o) g = (o1 § g sy SRR R [ L L0y ol S R R e B Ay |

Ammoniak reagiert mit Chlorwasserstoff. Es entsteht Ammonitiftichlorid, eine lonenverbindung.



Prevention of misconceptions:
molecules and ions as acid or base PARTICLES

rians-tigter oarge - Uniyersity or lugnsrer 33

Chlorwasserstoff reagiert mit Wasser. Es entsteht eine sagre¢Lisung.



Proton is switching from one electron cloud to another:
(Christen, H. R., Baars, G.: Chemie. Frankfurt 1997)

Es treten also keine freien, selbstandig existierenden H* -lonen auf (wie es 1883 von Ar-
rhenius postuliert worden wan); das anfanglich durch ein Elektronenpaar an das Chloratom
gebundene Proton I6st sich von der anziehenden Wirkung der Elektronen, «schlipft»> dann
in eine der mit zwei Elektronen besetzten Wolken des Sauerstoffatoms und wird durch
diese Elektronen gebunden:




Prevention of misconceptions: ions as acids or bases
by neutralization of strong acids

hydrochloricacid + sodium hydroxide solution - sodium chloride solution
H,O*(aq) + Cl(ag) + Nat*(aq) + OH(aq) > Na*(aq) + Cl(aq) + 2 H,O

H;0*(aq) + OH-(aq) > 2 H,0

Hans-Dieter Barke - University of Muenster
Germany



Questionnaire ,,Which atoms, ions or molecules
react?” (Asih Wisudawati, AJCE 2019)

Explain the following reactions 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 involved in the reaction?

d) Redox or acid-base reaction? Explain transfer of electrons or protons.

One example:

Zinc reacts with diluted sulfuric acid, gaseous hydrogen is observed:
Zn(s) + H,SO,(@aq) > 2ZnSO,(aq) + Hy(9)

a) Zn + 2H* + SO,* > Zn’t +S0,> + H,

b) Zn + 2 H* > Zn%* + H,

c) SO~ 36
d) Redox: Zn atom gives two electrons to 2 H* ions



Questionnaire ,,Which atoms, ions or molecules
react?” (Asih Wisudawati, AJCE 2019)

‘ 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".

Hans-Dieter Barke - University of Muenster 37
Germany



Challenge of misconceptions by Submicro level:
Which atoms, ions or molecules are reacting?
Acid-base or redox reaction?

+

Mg + 2HCl(ag) -> MgCl(agq) + H,

Mg atom + 2 H*(aq) ions - Mg?*(aq) ion + H, molecule
Electron transfer — Redox reaction:

Donor: Mg atom -=> Mg?t(aq) ion + 2 e (Ox.)

Acceptor: 2 H*(aq) ions + 2 e > H, molecule (Red.)

Hans-Dieter Barke - University of Muenster



Challenge of misconceptions by Submicro level:
Which atoms, ions or molecules are reacting? Acid-
base or redox reaction?

+

MgO + 2 HCl(ag) -> MgCl,(agq) + H,0

O2 ion + 2 H;0%(aq) ions > 3 H,O molecules
Proton transfer — Acid-base reaction:

Donors: 2 H;0*(aq) ions > 2 H,O molecules + 2 H*

Acceptor: O% ion + 2 H* > H,0 molecule

Hans-Dieter Barke - University of Muenster
Germany



Challenge of misconceptions by Submicro level:
Which atoms, ions or molecules are reacting? Acid-
base or redox reaction?

Mg(OH), + 2 HCl(aq) > MgCl,(aq) + 2 H,0

2 OH-ions + 2 H;0*(aq) ions -> 4 H,O molecules
Proton transfer — Acid-base reaction:

Donors: 2 H;0*(aq) ions - 2 H,0O molecules + 2 H*

Acceptors: 2 OH ions + 2 H* > 2 H,0 molecules

Hans-Dieter Barke - University of Muenster



Donor-Acceptor reactions: Good bye to the Laboratory
Jargon (Published in African Journal of Chemistry Education

AICE 6 (2016), 17)

Labaratory jargon (misconceptions) Appropriate terminology (Broensted)

1. Acid-base definitions (also historically) | Acid molecules or ions are proton donors. HAc |

molecules contain H atoms which can be donated
Acids contain hydrogen, by neutralization as H* ions to H2O molecules to form H;O" ions.
it can be replaced by a metal: from By neutralization an HAc molecule or an H3O" ion
CH3COOH the composition CH:COONa gives a proton to an OH- ion:
can be derived HAc + OH1{aqg) > H20 + Ac(aq)
(Liebig 1824) HsO*(aq) + OH(aq) = 2 H.0O, Na*(aq) ions remain
Hydrogen chloride dissociates into ions to | HCl molecules are protolyzing: they are giving
form hydrochloric acid: HClI - H* + CI protons to H>-O molecules, H:O" (ag) ions and
(Arrhenius 1887) Cl{aqg) ions are formed and are the main particles
1 of hydrochloric acid (see Fig. 1),
HzO" (aq) ions are the proton donors




The self-dissociation of water incorporates the
equilibrium by ions: H:O S H* + OH

Water is an ampholyte: it can be an acid or a

base

The concentration of water is calculated:
¢ =55.5 mol / Liter

The autoprotolysis of H,O molecules provides an
equilibrium with ions: H20 + H,O0 5§ H:O™ + OH

H,O molecules are ampholytes: the molecule can
either give a proton (as an acid) or may take a
proton (as a base) — depending on the partner

The concentration of H,O molecules in water is:
¢ = 55.5 mol H-O molecules / Liter

Strong acid means low pH, weak acid means |

relatively high pH

Acetic acid is a weak acid with low
concentration

Neutralization makes HAc and NaOH a
conjugated acid-base pair

' Strong acids are completely protolyzed,

- weak acids are partly protolyzed, an equilibrium
' between molecules and ions exists:

HAc + H:O 5 Hi0%(aq) + Ac(aq)

The HAc molecule is a weak acid, HAc molecules
exist in equilibrium with corresponding 1ons

Conjugated acid base pairs differ by one proton
and are HAc / Ac and HO / OH




Empirical studies by Yuli Rahmawati in
Indonesia (UNJ University of Jakarta,
Indonesia)

She v@Wed with ,,Laboratory Jargon®. One example of her questionnaire:

Task 2: ,Lab. Jargon: Hydrochloric acid gives off a proton. Which is the

scientific right sentence?"

a) Hydrochloric acid can be depronoted.

b) Hyd. acid can also absorb protons o

c) H;O*(aq) ions are present in hyd. acid, 15
they can emit protons. 54

d) HCl molecules are present in hyd. acid, 63
they release protons.

48
25
15
83

Only 15 % of Indonesian students chose the

right answer c — they mostly wanted answer d -
and are thinking of ,,HCI molecules" in hydro- 23
chloric acid. Year 3 Year 1-4

Lecturers of chemistry-teacher students should avoid the Laboratory jargon —
and can avoid ,,school-made misconceptions" of future pupils in schools.
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DONOR-ACCEPTOR REACTIONS:
GOOD BYE TO THE LABORATORY JARGON

Hans-Dieter Barke and Nina Harsch
Institute of Chemistry Didactics, University of Muenster, Germany
Barke@uni-muenster.de, Nina.Harsch@uni-muenster.de

ABSTRACT

For chemistry education we are discussing mainly two concepts of acids and bases: theories
of Arrhenius and Broensted. The first theory discusses the dissociation of molecules into ions:
hydrochloric acid solution contains H* (aq) ions and Cl(aq) ions, sodium hydroxide solution
contains Na'(aq) ions and OH(aq) ions. This theory therefore deals with substances, which are
acids or bases — it would be even better to take the logical names "acidic and alkaline solutions".
If both solutions are mixed in equivalent quantities, the H" (aq) ions react with OH (aq) ions to
form H>O molecules, while the other ions remain in solution. The Broensted theory defines
protolysis and proton transfers: a molecule or an ion transfers a proton (H' ion) to another
molecule or ion; two conjugated acid-base pairs are involved. Thus, Broensted acids and bases are
no more substances, but individual types of particles. Due to the autoprotolysis of H2O molecules
(not "autoionization of water"), the following equilibrium exists:

H.O0O + HO &S HiO'(aq) + OH(aq)

Through this protolysis it is more advantageous to argue rather with H3O"(aq) ions than with
H*(aq) ions. In this theory there are still ampholyte particles which react as acid or as base particles
— depending on the reaction partner: H2O molecules, NH3 molecules, HSO4™ ions. Water, ammonia
or sodium hydrogen sulfate cannot be regarded as ampholytes — pure water cannot be one time an
acid and another time a base: with the pH of 7 it is always a neutral substance. The article will
show misconceptions of students and point out the better terminology: reflecting this terminology,
students should develop a better understanding of Chemistry! [African Journal of Chemical
Education—AJCE 6(1), January 201 6/




Questions for Prof. Barke
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