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Chemistry essentials and enhancements
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The nature of chemistry as a science and 
as a school subject
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Students’ ideas in chemistry

^3#(*'"#*.+&'*_T*)#+(&*'"#(#*"+&*0##4*+*>--2*2#+.*
-6*(#&#+(,"*#78.-(%4>*&'/2#4'*'"%4I%4>*%4*&,%#4'%6%,*
'-8%,&*NZ/%';*STT`O9*F/,"*-6*'"%&*<-(I*"+&*0##4*
/42#('+I#4*6(-$*+*G,-4&'(/,'%3%&'H*8#(&8#,'%3#;*
<"%,"*(#,->4%&#&*'"+'*I4-<.#2>#*%&*0/%.'*/8*%4*
#+,"*%42%3%2/+.*&'/2#4'H&*$%42;*+42*,+44-'*0#*
'(+4&6#((#2*<"-.#&+.#*6(-$*'#+,"#(*'-*&'/2#4'*
NA+0#(;*STTW+O9*A"%&*8#(&8#,'%3#*#$8"+&%&#&*
'"#*%$8-('+4'*(-.#*-6*,/((#4'*I4-<.#2>#*+42*
/42#(&'+42%4>*%4*%4'#(8(#'%4>*<"+'*<#*&##;*(#+2*
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+42*"#+(;*+42*%4*6-($%4>*4#<*I4-<.#2>#9*a/%'#*
(%>"'.);*%'*<+&*(#,->4%&#2*'"+'*'#+,"#(&*4##2*'-*
/42#(&'+42*<"+'*'"#%(*&'/2#4'&*,/((#4'.)*'"%4I;*%6*
'"#)*+(#*'-*8.+4*#66#,'%3#*'#+,"%4>*'"+'*<%..*4-'*
#%'"#(*G>-*-3#(*'"#%(*"#+2&H*N%6*%'*2-#&*4-'*&##$*
'-*.%4I*'-*+4)'"%4>*&'/2#4'&*,+4*$+I#*&#4&#*-6O*
-(*0#,-$#*&%>4%6%,+4'.)*2%&'-('#2*N+&*'"#*.#+(4#(*
$%&%4'#(8(#'&*'"#*'#+,"#(H&*%4'#42#2*$#+4%4>O9
F/,"*(#&#+(,"*"+&*'"#(#6-(#*0##4*/42#('+I#4*

'-*,"+(+,'#(%&#*.#+(4#(&H*%2#+&*+42*$+4)*#7+$8.#&*
"+3#*0##4*%2#4'%6%#2*-6*<"#(#*&'/2#4'&*N#%'"#(*
0#6-(#*-(*+6'#(*'#+,"%4>O*"+3#*%2#+&*+'*-22&*<%'"*
&,"--.*,"#$%&'()9*A"#&#*#7+$8.#&*+(#*-6'#4*
,-..#,'%3#.)*.+0#..#2*+&*G$%&,-4,#8'%-4&H;*+.'"-/>"*
'"%&*$+)*-0&,/(#*%$8-('+4'*2%66#(#4,#&*+$-4>*%2#+&*
'"+'*$+)*0#*0#''#(*,+'#>-(%&#2*<%'"*&/,"*.+0#.&*+&*
%$8.%,%'*N%4'/%'%3#O*'"%4I%4>;*+.'#(4+'%3#*,-4,#8'%-4&*
+42*,-4,#8'/+.*6(+$#<-(I&*NA+0#(;*STTW+O9

Examples of chemical misconceptions
A"#(#*+(#*'--*$+4)*(#8-('#2*$%&,-4,#8'%-4&*'-*
,+'+.->/#*%4*+*&%4>.#*1-/(4+.*+('%,.#9*L-<#3#(;*
&-$#*-6*'"-&#*6-/42*%4*'"#*$-&'*6/42+$#4'+.*
,"#$%&'()*'-8%,&*"+3#*0##4*2%&,/&&#2*%4*$+'#(%+.&*
'"#*b-)+.*=-,%#')*-6*!"#$%&'()*Nb=!O*"+&*
8(-3%2#2*'-*JK*+42*:(%&"*&#,-42+()*&,"--.&*+42*
,-..#>#&*NA+0#(;*STTSO;*+42*c+4#&&+*K%42*"+&*
8(-3%2#2*+*(#3%#<*-6*$+1-(*'-8%,&*NK%42;*STTdO*'"+'*
,+4*0#*6##.)*2-<4.-+2#2*6(-$*'"#*b=!*<#0&%'#9
L-<#3#(;*,-4&%2#(*'"#*6-..-<%4>*#7+$8.#&5

!* A"#*8(-2/,'*-6*+4)*4#/'(+.%&+'%-4*(#+,'%-4*%&*
4#/'(+.9

"* Q*(#+,'%-4*-,,/(&*<"#4#3#(*'<-*&/0&'+4,#&*
+(#*$%7#29

#* A"#*e*&)$0-.*%4*[+e*%$8.%#&*+4*+'-$*<%'"*-4#*
#.#,'(-4*%4*%'&*-/'#(*&"#..9

$* :4*+*&-2%/$*,".-(%2#*.+''%,#;*#+,"*&-2%/$*%-4*
%&*0-42#2*'-*'"#*-4#*,".-(%2#*%-4*%'*2-4+'#2*%'&*
#7'(+*#.#,'(-4*'-9

%* A"#*[+`f*%-4*<%..*0#*$-(#*&'+0.#*'"+4*'"#*[+*
+'-$9

A"#&#*+(#*1/&'*&-$#*-6*'"#*$+4)*#7+$8.#&*'"+'*
,-/.2*"+3#*0##4*&#.#,'#2;*0/'*'"#&#*<%..*&/66%,#*'-*
&"-<*'"+'5

!* &/,"*$%&,-4,#8'%-4&*+88.)*+,(-&&*+*<%2#*
(+4>#*-6*'-8%,&;*+42*#2/,+'%-4+.*.#3#.&D
!* '"#(#*,+4*0#*+*(+4>#*-6*2%66#(#4'*
$%&,-4,#8'%-4&*+0-/'*+*&%4>.#*'-8%,*N#9>9*&-2%/$*
%-4&*%4*#7+$8.#&*_EUOD
!* &-$#*%2#+&*"#.2*0)*&'/2#4'&*$+)*&##$*
?/%'#*0%M+((#*'-*'"#%(*'#+,"#(&*+42*/4.%I#.)*'-*0#*

#78#,'#2*/4.#&&*-4#*"+&*'+I#4*'%$#*'-*#78.-(#*
<"+'*&'/2#4'&*+(#*'"%4I%4>*N#9>9*'"#*.+&'*#7+$8.#OD
!* &%$8.)*.+0#..%4>*&/,"*%2#+&*+&*
G$%&,-4,#8'%-4&H*$+)*%>4-(#*&-$#*?/%'#*
%$8-('+4'*2%66#(#4,#&*%4*"-<*+42*<"#4*'"#&#*%2#+&*
+88#+(;*+42*"-<*<#*$%>"'*0#&'*(#&8-42*'-*'"#$9

@#6-(#*2#$-4&'(+'%4>*'"#&#*6#+'/(#&*-6*
&'/2#4'&H*%2#+&;*%'*%&*/&#6/.*'-*,-4&%2#(*&-$#'"%4>*
-6*'"#*4+'/(#*-6*'"#*,"#$%,+.*,-4,#8'&*'"+'*<#*+&I*
&'/2#4'&*'-*.#+(49

The challenge of learning chemical 
concepts

Q&*'#+,"#(&;*%'*,+4*&-$#'%$#&*0#*2%66%,/.'*6-(*/&*
'-*(#,->4%&#*<")*,-4,#8'&*'"+'*<#*"+3#*0##4*
<-(I%4>*<%'"*6-(*)#+(&;*%6*4-'*2#,+2#&;*&##$*&-*
8(-0.#$+'%,*6-(*$+4)*-6*-/(*&'/2#4'&9*A"#*'#+,"#(*
4##2&*'-*0#*+0.#*'-*8#(,#%3#*'"#*&/01#,'*$+'#(%+.*
G+'*'"#*.#+(4#(H&*(#&-./'%-4H*'-*(#,->4%&#*<")*<"+'*
&##$&*-03%-/&*'-*'"#*#78#('*$+)*4-'*0#*&-*(#+2%.)*
+88+(#4'*'-*'"#*4-3%,#*NA+0#(;*STTSO9
:4*8+('%,/.+(;*<#*4##2*'-*(#,->4%&#*'"+'*

#2/,+'%-4*'#42&*0-'"*'-*(#3#(&#*&-$#*-6*'"#*.->%,*
-6*+*&,%#4,#*2%&,%8.%4#;*+42*'-*,-4,#('%4+*'"#*
2#3#.-8$#4'*-6*/42#(&'+42%4>*(+'"#(*&#3#(#.)9*
!"#$%,+.*,-4,#8'&*+(#*"/$+4*,-4&'(/,'%-4&*
'"+'*"+3#*0##4*2#3#.-8#2*-3#(*,#4'/(%#&*+42*<#*
#78#,'*&'/2#4'&*'-*.#+(4*'"#$*-3#(*+*6#<*)#+(&9*
A"#&#*,-4&'(/,'%-4&*<#(#*2#3#.-8#2*'-*2#+.*<%'"*
&%'/+'%-4&*+42*8(-0.#$&*'"+'*+(-&#*%4*'"#*,-4'#7'*
-6*,"#$%,+.*(#&#+(,"9*:4*'"#*,.+&&(--$*<#*8(#&#4'*
'"#&#*&-./'%-4&*'-*.#+(4#(&*<"-*4#3#(*"+2*'"#*
8(-0.#$&*'"#)*<#(#*,(#+'#2*'-*&-.3#;*+42*'"#4*
-66#(*&-$#*#7+$8.#&*'-*2#$-4&'(+'#*'"#*G&-./'%-4H9*
R#*+(#*&#.2-$*+0.#*'-*(#,(#+'#*'"#*-(%>%4+.*
8(-0.#$*&%'/+'%-4*'-*#4+0.#*&'/2#4'&*'-*&##*<"+'*
$-'%3+'#2*'"#*2#3#.-8$#4'*-6*'"#*4#<*,-4,#8'9
R"#4*:*&+)*'"+'*,"#$%,+.*,-4,#8'&*+(#*

G,-4&'(/,'#2H;*:*+$*+<+(#*'"+'*'"#(#*%&*+*2+4>#(*
-6*0#%4>*+&&-,%+'#2*<%'"*&-$#*#7'(#$#*3%#<&*'"+'*
$+)*&##$*%4+88(-8(%+'#9*A"-&#*<-(I%4>*%4*&,%#4,#*
#2/,+'%-4*<"-*,.+%$*'-*0#*G,-4&'(/,'%3%&'&H*+(#*
&-$#'%$#&*+,,/&#2*-6*0#%4>*G(#.+'%3%&'&H9*g#4/%4#*
(#.+'%3%&'&*0#.%#3#*'"+'*&,%#4'%6%,*%2#+&*2-*4-'*-66#(*
-01#,'%3#*I4-<.#2>#*-6*'"#*<-(.2;*+42*+(#*.%''.#*
$-(#*'"+4*+*I%42*-6*%4'#..#,'/+.*6+&"%-49*=/,"*+*
3%#<*<-/.2*&/>>#&'*'"+'*,"#$%&'()*'-2+)*%&*4-'*
+4*%$8(-3#$#4'*-4*'"+'*-6*Z+.'-4;*-(*%42##2*'"#*
Q.,"#$%&'&;*0/'*G1/&'*2%66#(#4'H*E*0#,+/&#*'"#*<+)*
<#*.--I*+'*+42*/42#(&'+42*'"#*<-(.2*%&*2#'#($%4#2*
0)*3+(%-/&*,/.'/(+.*6+,'-(&9*Q4*#7'#4&%-4*-6*'"%&*

Taber* !"#$%&$'"("&)*$+',"#-./0*-+'*,"#,1-$+*2'-3''&*$+',"$14*$%&$'5-#*1&6*#-76'&-*-+"&8"&)
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%2#+*%&*'-*,-4&%2#(*'"+'*&'/2#4'&H*-<4*%2#+&*&"-/.2*
0#*'(#+'#2*+&*1/&'*+&*3+.%2*+&*'"-&#*%4*'"#*&,%#4,#*
,/((%,/./$;*-(*'"-&#*(#8-('#2*%4*'"#*.+'#&'*'-8*
&,%#4,#*1-/(4+.&9
A"+'*%&*4-'*<"+'*$-&'*,-4&'(/,'%3%&'&*+(#*

&/>>#&'%4>;*+&*'"#(#*+(#*3#()*>--2*(#+&-4&*6-(*
'"%4I%4>*,"#$%&'()*"+&*8(->(#&&#2*&%4,#*Z+.'-4;*
+42*6-(*#78#,'%4>*,"#$%&'&H*+42*,"#$%&'()*
'#+,"#(&H*/42#(&'+42%4>&*-6*,"#$%&'()*'-*0#*%4*+*
3#()*(#+.*&#4&#*G0#''#(H*'"+4*'"-&#*-6*&'/2#4'&*1/&'*
$##'%4>*'"#*&/01#,'9
]#';*%'*%&*,#('+%4.)*'(/#*'"+'*&,%#4'%6%,*%2#+&*+(#*

4-'*%$$/4#*6(-$*%46./#4,#*0)*#7'#(4+.*6+,'-(&9*:'*
%&*,-$$-4.)*&+%2*'"+'*'"#(#*+(#*&#3#4*,-.-/(&*%4*
'"#*(+%40-<;*+.'"-/>"*$-&'*8#-8.#*6%42*%'*2%66%,/.'*
'-*,.#+(.)*2%&'%4>/%&"*&#3#4*2%66#(#4'*,-.-/(&9*
:'*%&*&/>>#&'#2*'"+'*[#<'-4*<+&*8(%$#2*'-*&##*
&#3#4*,-.-/(&*0#,+/&#*-6*'"#*&%>4%6%,+4,#*-6*'"#*
4/$0#(*&#3#4*%4*"%&*(#.%>%-/&*'"%4I%4>9*A"%&*$+)*
0#*+8-,()8"+.;*0/'*'"#(#*%&*.%''.#*2-/0'*'"+'*=-3%#'*
>#4#'%,&*/42#(*='+.%4*2(#<*-4*h+$+(,IH&*4-'%-4*-6*
%4"#(%'+4,#*-6*+,?/%(#2*,"+(+,'#(%&'%,&*(+'"#(*'"+4*
Z+(<%4H&*'"#-()*-6*4+'/(+.*&#.#,'%-49*Z+(<%4H&*
%2#+&*<#(#*4-'*,-4&%2#(#2*,-4&%&'#4'*<%'"*F+(7%&'*
4-'%-4&*-6*&-,%+.%&$;*+42*&-*<#(#*4-'*+,,#8'+0.#9*
J46-('/4+'#.);*+''#$8'&*'-*2#3#.-8*4#<*&'(+%4&*
-6*>(+%4*'-*6##2*'"#*3+&'*8-8/.+'%-4*0+&#2*/8-4*
'"#-(%#&*'"+'*<#(#*8-.%'%,+..)*+,,#8'+0.#*.#2*
'-*$+&&*&'+(3+'%-49*:4*'"%&*,+&#;*'"#*+''#$8'*'-*
,-4,#8'/+.%&#*4+'/(#*+&*,#('+%4*8#-8.#*<-/.2*
.%I#*%'*'-*0#;*,.#+(.)*6+%.#29*L-<#3#(;*'"#(#*%&*+4*
%$8-('+4'*&#4&#*%4*<"%,"*<#*"+3#*'-*(#,->4%&#*'"#*
+('%6%,%+.*4+'/(#*-6*-/(*&,%#4'%6%,*,-4,#8'&9

Do oxidation states exist in nature?
A"#*<-(.2*,#('+%4.)*&##$&*'-*"+3#*&-$#*
(#>/.+(%'%#&*'"+'*+..-<*/&*'-*'+.I*+0-/'*G.+<&*-6*
4+'/(#H9*L-<#3#(;*'"#*,-4,#8'&*<#*/&#*'-*2#&,(%0#*
4+'/(#*+(#*1/&'*-/(*0#&'*+''#$8'&*'-*$+I#*&#4&#*
-6*'"#&#*8#(,#%3#2*(#>/.+(%'%#&9*=-;*6-(*&#3#(+.*
,#4'/(%#&*-/(*0#&'*$-2#.*-6*>(+3%')*<+&*0+&#2*-4*
+4*%43#(&#*&?/+(#*.+<*2#&,(%0%4>*'"#*+''(+,'%-4*
0#'<##4*$+&&#&9*A"%&*G.+<H*-6*4+'/(#*<-(I#2*
8(#'')*<#..*$-&'*-6*'"#*'%$#;*0/'*'"#(#*<#(#*&-$#*
+4-$+.%#&*<"#(#*'"#*.+<*,-/.2*4-'*0#*$+2#*'-*
6%'*2+'+9*:'*%&*4-<*'"-/>"'*'"+'*>(+3%')*%&*0#''#(*
/42#(&'--2*%4*'#($&*-6*'"#*>#-$#'()*-6*&8+,#E
'%$#;*+42*'"%&*3#()*2%66#(#4'*+88(-+,"*&##$&*'-*
"+3#*&-.3#2*&-$#*-6*'"#*.-4>C&'+42%4>*8(-0.#$&*
<%'"*'"#*#+(.%#(*$-2#.9*i(#&/$+0.)*>(+3%')*"+&*4-'*
,"+4>#2;*0/'*-/(*0#&'*+''#$8'&*'-*,-4,#8'/+.%&#*
%'*"+3#9*i#("+8&*'"#*4#<*$-2#.*(#+..)*%&*+*>--2*

2#&,(%8'%-4*-6*"-<*'"#*/4%3#(&#*<-(I&5*0/'*+..*
<#*,+4*#3#(*2-*%4*&,%#4,#*%&*2#3#.-8*$-2#.&*
+42*'"#4*'#&'*'"#$*'-*&##*"-<*<#..*'"#)*6%'*-/(*
-0&#(3+'%-4&9*R#*+.<+)&*"+3#*'-*0#*+<+(#*'"+'*+*
4#<*#78#(%$#4';*-(*,-4'#7';*,-/.2*&"-<*'"+'*-/(*
%2#+&*6+..*&"-('*%4*&-$#*,%(,/$&'+4,#&9
:4*,"#$%&'();*<#*"+3#*+*<%2#*(+4>#*-6*

,-4,#8'&*'"+'*"#.8*/&*$+I#*&#4&#*-6*(#>/.+(%'%#&*
%4*4+'/(#9*Q*>--2*#7+$8.#*%&*'"#*i#(%-2%,*A+0.#;*
<"%,"*&#'&*-/'*'"#*,"#$%,+.*#.#$#4'&9*A"#*
2%&'%4,'%-4&*"#(#*E*,-88#(*%&*2%66#(#4'*6(-$*%(-4;*
+42*<#*2-*4-'*>#'*2%66%,/.'*,+&#&*'"+'*<#*+(#*4-'*
&/(#*+0-/';*+'*.#+&'*%6*<#*+(#*2#+.%4>*<%'"*8/(#*
#.#$#4'&*E*&##$*'-*6%'*(#.%+0.)*<%'"*#78#(%#4,#9*
A"#*4-'%-4*-6*'"#*#.#$#4'&*$/&'*0#*+*>--2*
,+42%2+'#*6-(*+*&,%#4'%6%,*$-2#.*'"+'*$+8&*-4'-*'"#*
<-(.2*%4*3#()*(#.%+0.#*<+)&9
^'"#(*,"#$%,+.*,-4,#8'&*$+)*0#*.#&&*

,-43%4,%4>9*Q*&,#8'%,*$%>"'*+&I*<"#'"#(*+,%2&*
#7%&'*%4*4+'/(#*-(*+(#*1/&'*+*"/$+4*6%,'%-49*A"#*
,"#$%&'*<-/.2*(#8.)*'"+'*'"#(#*+(#*+*(+4>#*
-6*&/0&'+4,#&*'"+'*&"-<*&/66%,%#4'.)*&%$%.+(*
0#"+3%-/(*'-*1/&'%6)*>(-/8%4>*'"#$*'->#'"#(*+42*
.+0#..%4>*'"#$*+&*+*,#('+%4*I%42*-6*&'/66*E*+42*<#*
/&#*'"#*.+0#.*G+,%2H9*@/'*'"#*$-&'*/&#6/.*<+)*-6*
2#,%2%4>*<"+'*%&*+4*+,%2*"+&*,"+4>#2*-3#(*'%$#5*&-*
%6*+,%2&*'"#$&#.3#&*#7%&'*%4*4+'/(#;*-/(*,-4,#8'%-4*
-6*<"+'*,-/4'&*+&*+4*+,%2*%&*,#('+%4.)*4-'*6%7#29*
R#*&"-/.2*4-'#*'"%&*%&*+*.%''.#*2%66#(#4'*6(-$*'"#*
#7+$8.#*-6*>(+3%');*2%&,/&&#2*+0-3#9*R#*$+)*6##.*
<#*+(#*>#''%4>*,.-&#(*'-*+4*#66#,'%3#*/42#(&'+42%4>*
-6*<"+'*>(+3%')*%&D*0/'*'"%&*2-#&*4-'*+88.)*%4*'"#*
&+$#*<+)*'-*-/(*,-4,#8'*-6*+,%2&9*A"#*2#6%4%'%-4*
-6*+,%2&*"+&*4-'*,"+4>#2*0#,+/&#*<#*"+3#*>-'*
0#''#(*+'*(#,->4%&%4>*+42*,"+(+,'#(%&%4>*+,%2&;*0/'*
0#,+/&#*<#*"+3#*,"+4>#2*-/(*$%42&*+0-/'*'"#*
$2&'*.&#5.-*6+)*'-*2#6%4#*'"#*,-4,#8'9*Q4'%$-4)*
8#4'+6./-(%2#;*=0BU;*2%2*4-'*,"+4>#*%'&*,"#$%,+.*
8(-8#('%#&*'-*1-%4*'"#*+,%2*,./05*<#*,"+4>#2*-/(*
,(%'#(%+*6-(*>(+4'%4>*$#$0#(&"%89
A"%&*,.#+(.)*+88.%#&*'-*$+4)*-'"#(*,"#$%,+.*

,-4,#8'&5*&/0&'+4,#&*'"+'*<#*4-<*,-4&%2#(*
-7%2%&%4>*+>#4'&*<#4'*+0-/'*'"#%(*,"#$%,+.*
0/&%4#&&*N$#'+8"-(%,+..)*&8#+I%4>O*0#6-(#*'"#*
4-'%-4*-6*-7%2+'%-4*<+&*,-%4#2;*+42*-6*,-/(&#*
>(-/8*$#$0#(&"%8*"#(#*"+&*+>+%4*,"+4>#2*-3#(*
'%$#*+&*-/(*4-'%-4*-6*"-<*%'*%&*$2&'*.&#5.-*'-*
2#6%4#*-7%2+'%-4*"+&*,"+4>#29*^7%2+'%-4*4/$0#(&;*
"-<#3#(;*1/&'*2%2*4-'*#7%&'*/4'%.*'"#)*<#(#*
%43#4'#2*+&*+*/&#6/.*<+)*-6*'"%4I%4>*+0-/'*&-$#*
,"#$%&'()9*R#*&"-/.2*+.&-*(#,->4%&#*'"+'*&-$#*
&/,"*,"+4>#&*"+3#*0##4*.#&&*+0-/'*/&*I4-<%4>*

!"#$%&$'"("&)*$+',"#-./0*-+'*,"#,1-$+*2'-3''&*$+',"$14*$%&$'5-#*1&6*#-76'&-*-+"&8"&) Taber
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$-(#*+0-/'*'"#*,"#$%&'()*6-/42*G%4*4+'/(#H;*+42*
$-(#*+0-/'*/&*'#&'%4>*-/'*,"#$%,+.*0#"+3%-/(*
/42#(*,-42%'%-4&*'"+'*$+)*4#3#(*"+3#*#7%&'#2*
0#6-(#*<#*2#3#.-8#2*.+0-(+'-()*'#,"4%?/#&9
B-(*#7+$8.#;*'"#*4-'%-4*-6*'"#*$-.#,/.+(*%-4*

%&*3#()*/&#6/.*%4*$+&&*&8#,'(-&,-8);*0/'*%&*&-$#*
<+)*(#$-3#2*6(-$*0#%4>*4##2#2*'-*#78.+%4*+4)*
(#>/.+(%')*%4*'"#*$+'#(%+.*<-(.2*'"+'*<-/.2*0#*
-0&#(3#2*%4*'"#*#3#()2+)*&/((-/42%4>&*-6*$-&'*
')8%,+.*VVC)#+(C-.2&9*=%$%.+(.);*'"#*4-'%-4*-6*
,"#$%,+.*&"%6'*+&*2#'#,'#2*%4*4/,.#+(*$+>4#'%,*
(#&-4+4,#*2-#&*4-'*E*2#&8%'#*'"#*4+$#*E*2%(#,'.)*
(#.+'#*'-*+4)*8#(,#%3+0.#*,"#$%,+.*8(-8#('%#&*
-6*&/0&'+4,#&9*:42##2;*$+4)*-6*'"#*,-4,#8'&*-6*
,"#$%&'()*"+3#*0##4*%43#4'#2*'-*"#.8*+4&<#(*
?/#&'%-4&*'"+'*-4.)*,"#$%&'&*<-/.2*+&I9
=-*%4*&,"--.;*-3#(*+*8#(%-2*-6*+*6#<*)#+(&;*

&'/2#4'&*>#4#(+..)*$##'*,-4,#8'/+.*$+'#(%+.*'"+'*
<+&*2#3#.-8#2*-3#(*2#,+2#&;*+42*%4*&-$#*,+&#&*
,#4'/(%#&;*+42*$/,"*-6*<"%,"*%&*24-)*$#+4%4>6/.*
%4*'"#*,-4'#7'*-6*8+('%,/.+(*,"#$%,+.*8(-0.#$&*
'"+'*+(#*4-'*>#4/%4#*%&&/#&*6-(*-/(*&'/2#4'&9*:4*
&-$#*<+)&;*,"#$%&'()*%&*+'*+*(#+.*2%&+23+4'+>#*
"#(#*,-$8+(#2*'-*0-'"*8")&%,&*+42*0%-.->);*<"#(#*
$+4)*-6*'"#*I#)*,-4,#8'&*,+4*,.#+(.)*0#*(#.+'#2*
'-*(#+.*N%6*&-$#'%$#&*'(%3%+.*-(*$%4%$+.O*,-4,#(4&*
%4*'"#*&'/2#4'&H*.%6#9*A"+'*%&*4-'*'-*&/>>#&'*'"+'*
,"#$%&'()*%&*4-'*"%>".)*&%>4%6%,+4'*%4*,"%.2(#4H&*
.%3#&;*0/'*1/&'*'"+'*$+4)*-6*%'&*+88.%,+'%-4&*'#42*'-*
0#*.#&&*(#+2%.)*-03%-/&9
!-4'#7'C0+&#2*,-/(&#&*+''#$8'*'-*8(-3%2#*

&'/2#4'&*<%'"*(#.#3+4'*,-4'#7'&*%4*<"%,"*%&&/#&*
,+4*0#*(+%&#2*'"+'*8(-3%2#*+*$-'%3+'%-4*6-(*
2#3#.-8%4>*,"#$%,+.*,-4,#8'&9*L-<#3#(;*2-%4>*
'"%&*%4*+*<+)*'"+'*2-#&*4-'*&##$*,-4'(%3#2;*+42*
'"+'*+..-<&*'"#*.->%,+.*&'(/,'/(#*-6*'"#*&/01#,'*
'-*0#*,.#+(*'-*&'/2#4'&;*,+4*0#*,"+..#4>%4>9*A"#*
(#.#3+4,#*-6*'"#*,-4,#8'*-6*$-$#4'*%4*8")&%,&*
,+4*0#*2#$-4&'(+'#2*0)*"+3%4>*&'/2#4'&*-8#4*+42*
,.-&#*2--(&*0)*+88.)%4>*6-(,#*4#+(*'"#*"%4>#&9*:4*
0%-.->);*$+4)*&'/2#4'&*"+3#*+*4+'/(+.*%4'#(#&'*%4*
'"#%(*0-2%#&*+42*"-<*'"#)*<-(I9*R#*$%>"'*'"%4I*
'"+'*,"#$%&'()*%&*+0-/'*'"#*$+'#(%+.*<-(.2;*+42*
'"+'*'"%&*,.#+(.)*%$8%4>#&*-4*&'/2#4'&H*.%3#&*%4*
$)(%+2*<+)&9*Q,'/+..);*&,"--.*,"#$%&'()*'#42&*'-*
"+3#*.%''.#*'-*&+)*+/2.'*$+'#(%+-&;*+&*%'&*&/01#,'*
$+''#(*%&*&-$#<"+'*$-(#*-0&,/(#9

The abstract nature of most chemical concepts
!"#$%&'()*%&*6/42+$#4'+.*'-*$+'#(%+.&*&,%#4,#;*0/'*
/46-('/4+'#.)*0#%4>*6/42+$#4'+.*$+I#&*%'*-4#*&'#8*
(#$-3#2*6(-$*,-$$-4*$+'#(%+.&9*F-&'*$+'#(%+.&*
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A"%&*%$$#2%+'#.)*$+I#&*'"#*&/01#,'*&-$#<"+'*

+0&'(+,'9*!-4&%2#(*+*3#()*&%$8.#*#7+$8.#5*<"+'*
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Explaining with quanticles
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'"#*/4%3#(&#*+42*-3#(.+8&*<%'"*#3#()*-'"#(*+'-$;*
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Just models
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/8-4*'"#*")2(->#4*+'-$*N&/,"*+&*'"#*&-2%/$*+'-$*
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The nature of students’ ideas in chemistry
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Figure 1 A learner’s notion of ionic bonding

Figure 2 Which of these species would be stable? 
(A: Na1+ ion; B: Na atom; C: Na7− ion)
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