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ABSTRACT. Misconceplions of students for a Voltaie cell were studied and their contents deseribed in the high school
chemistry 11 textbooks were analvzed. This study shows that students have many misconceptions and a tew ol chemistry
{extbooks contain some false descriplion in a Voltaie cell. In the most lextbooks, the reasons why the measured cell volt-
age of a Voltaic cell is near 1.1 V at the initial stage and then it decreases with time are not explained clearly. The emt
of a Voltaie cell at a standard state is .76 V but in some textbooks 1t 1s deseribed as 1.1 Vot a Daniel cell. Even atier
lecarmng the Voltaie cell or performung the expermment of textbooks. most students still have some misconeeptions. These
may be due to at least two tollowing facts: the first1s that the measured cell voltage of a Voltaie cell at the imual stage
1s very similar to that of a Damel eell. The second 15 that the most expeniment of a Voltaie cell 18 not performed under
the condition of a standard state. Theretore. we have suggested a model of the modified experimental setup of a Voltaie
cell that could reduce mmsconceptions of students.
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Table 1. Tvpes ol question and answer. It was questioned
before doing the experiment of a Voltaic cell

Question Percent of answers

Calcualte the theoretical cell voltage
ma voltaic cell at a standard state
(23°C. | atm).

half-reaction EYV)
7 - 2e = Zn(s) -0.76 110V 967,
Cu™ - 2e = Cu(s) 0.34 070V 4%
2H' - 2¢ — Hyfg) 0.00
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Table 2. Analysis ol a Voltaic cell in the high school chemisry 1l textbooks based on the 6th and 7th educational cwicula { 3

menlioned. : not mentioned. - not published)

6th 7th

Textbook Misconceptions
Content  Model emf(V) Content Model emt'(V)

6-A - . 1.1 - - - mentioned the Damel cell voltage instead ot 0.76 V.

6- : - - - No

6-C : - - - No

6-D 1.1 - - - mentioned the Damel cell voltage instead ot 0.76 V.

6F o~ . . i i Dn|1i4::I cell model r«.‘,gardcd asa Vhlfaic cell |Imdcl and
mentioned the Daniel cell voltage instead of 0.76 V.

6-F - - - -

6-CG; o e 1.1 - - - mentioned the Daniel cell voltage instead of 0.76 V.

E;:i . . O e No

61

7B )

6-1 . . . . . o

7.¢ : : i L 1.1V mennoned the Damel cell voltage instead ot 0.76 V.

7D - - - o L No

7-E - - - -
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Fig. 1. Fxperimetal setup model ot (a) a Voltaic cell. and (b)
a Damiel cell n Ingh school chemstry IT texbooks.
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Tuble 3. I3 pes of question ind inswer. 1t was questioned afier
doing the expeniment ol a Voltaie cell desenbed in textbooks

Percent of answers
Over 097 V: 35%
0.93 V- 30%
090 V: 13%

Question

Q1. What is the obseved cell
voltage?

Q2. What 1s the theoretical
cell voltage in a voltaic cell at
astandard state (25 °C. 1 atin).

1.10 V: 93%
076 V. 3%

[Ivdrogen polanzation: 757 s

Sohuion concentration gradient : 10°6
Temperature dillerence: 6%a
Instrument error: 6o

Air bubble; 3%a

Q3. Expluin {he reason
why the measured cell
voltage is different from
the theoretical onc.
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Table 4. Experimental results measured by using a Voltaie cell at 25 °C. 1 aim hyvdrogen pressure

[xperimental condition Solution concentration QObserved emt (V) Theorctical emt' (V)
I M H.S0, Q.76 -
{A) Ditterent concentration of H;80, 0.1 MILSO, 0.75 -
0.01 M H.80, 0.70 -
o . e e 1 M H.S0, 1 1 M ZnSO, 0.77 0.76
{B3) Same conc_cmra‘rmn .or T80, but ditter- 1 M H.S0, 1 0.1 M ZnSOs 079 0.79
ent concentration ot ZnSQO, .
1 M H:80,1 0.01 M ZnS0O, 0.79 0.82
s . o 1 M H:80,1 1 M ZnSQ 0.77 0.76
(C) Dlﬂcrcmcm.mcnn“anon of 11.80, but 01 M H;S;); L1 M ZnSJOJ 0.70 0.70
same concentration of ZnSQ0), i o _
0.01 M H-80,- 1 M ZnSQ)y, 0.63 0.64
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Fig. 2. Modified experimental setup model of a Voltaic cell.

A HE7] 18R ol A Alg-alr] o] 9198l as o)
2 AT QS AT B ARl e E WA
A T2 o] i 71 By 17I°J+]r v] 2235
WE & Gl AT Fel (TS WSS S
o NGE F Y g oy NS Be) A Ag
=5 F pig. 20 MAERI

AR AR 2ALE 2 G Be) AAE 7}
171- ﬂd].)\—;o.]] o]7=1 r],_TJ =Y A]o]\— né_\L_
z.f} 297 SEE o) 500 mle] 7h
LE]_AQOI a}yql /\/\/I, E%OI i:ILA&};I
oo ofd 2 (g AEYE-HTTM

M 9AhE A7) S Es 250 ml- 450 ml

.]tle

_._.
(2 kr :|>
l’.

N
J‘l"

o

;i{

o
oy
rid -|\r

ol

D nd
phy
i
5
gc i~

4

2 o
~.1

o
[

31 'l}' ﬂl{ﬂ L v
y» ok
fr e
_g,

*
°|' r&

o) shol o Aleke 4t %o 2 A3
woot sle] FaagiAl B b Fe
SEEELEEEE R °~°"°l H7A gre

20 Dof AR G Ak ST
2 S 71k A o 4 Z1AE FHE
sl Mlle] Qe ) MG &0 el b

o
;.0

i
é 4

J,'L

A AL R oo

o
J'fJ Jb ,-'.1

o}

T AL s AL #lvh A5RHE F
Hlsle] =28 FelE Al o4 - ‘ilﬂl ghel. of 20
& A7l 4
¥z Zi&'l 7HEEEE 419hS i*o“'* wigh ofA 2t
& HIEE o) ofdhE WbRY 7] Atk
oF7F Msbsht 132 <ol 076 Vakell Mimkshe} o] Alg
ol My T2 2yvb Beokel] whE Atk At S o
of¥ 7] g1l T4l 22| F VA of A 57
stgict. Ad 2x AR 71AH ) 076 Vel T8
iz )] 270 Te)ghE HolE o Wem A=
T 2] yek2 Aabg)el 05 .08eme| 27IR
7P wbzel AHgshe Aol Fvke 2 Wk 4
£ 7)A7} 71 AYEE A el Akl el
-2 Al Aol Ay A 0T e} w3 ok Y
Aol 10em®] 2718 AHESH: 4lo] £kt

glo] 2 7lAg Eel A7) AE vejor ofe] 7}
2] g gl pEelA et A YL 5t An 4
Agtgkel o) &34 0.76 vell sk RS Ele 4

SrKiahle 5). o] AR A= A 7142 %‘”J-&.— 7]
qho g FARA)F) 3 Al 3 }J Table 4%}
vieRE. otk $-2)7F Algk
A2l Fek s A de
Ao #alzhe 4% 917 “H-ﬁﬂ SFASA A 2

HL] o 0 A 9\11,',_—,/ zgﬂsh,].

o] (.5 en.

=

#E R A

B} 0] 3 A 7199 A abolH S B
£} a2 ool A2} FEale] 2| ofLo] hge
Aol a3 A7kale NS PPE A0 ek}

et 2] Beb A g 2o Bhe A

Tuble 5. Experimental results measured by using (he modified setup of a Voltaic cell

Solution concentration Observed voltage (V)

Theoretical voltage (V) Fxperimental temp. (°C)

1 M I1.80, 0.76-0.77
0.1 M 11,80, 0.76
0.01 M TL.SO, 0.73
1 M ILSO,+ 1M ZnS0, 0.77-0.78
0.1 MTLSO, - 1 M 7080, 0.73
0.01 MTLSO,+ 1 M ZnS0, 0.67-0.68
1T M LSO+ 1M ZnS0y 0.77-0.78
1 MILSO4+ 0.1 M 7080y 0.79
1 M IS804+ 0.01 M ZnS0, 0.79-0.80

- 26
- 26
- 26
0.76 25
0.70 26
0.64 25
0.76 25
0.79 25
082 26
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