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Abstract: Original Born-Haber cycle about sodium chlorideQl\as proposed as a
teaching material based on the calculation resuthb quantum calculation with MOPAC
MP6 Hamiltonian level. Enthalpy changes of the esponding processem NaCl-related
substances on the basis of the formation energeeslepicted in the cycle. Furthermore,
the intelligible diagram about dissolution phenoownis carried out by the
thermodynamic changes of enthalpy, entropy and $fbbction for student to understand
meaning of the thermodynamic changes in the phenome
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Introduction

The learning on the basis of students’ enthusiastitvities on imaginative thinking and
behaving would be of great importance to understidnce. Student’s attitude being
enthusiastic toward the possibilities of their owlilities with their own images would
enhance the understanding of objective®ividing the lecture stage into the three
thinking levels is mentioned by Taskatral [1]. Visualization as a key of representation of
images is great help for student to have imageghehomena, chemical concepts, and
molecular world, and then the visualization enaldeslent to realize images of them.
Visualization of chemical abstract concepts on G&plics helps us greatly to realize
images of them, and the visualization is one otaffe methodologies for making
teaching material [2]. The visualization needs @onfiore appealing for students from the
stand point of a useful teaching material. It i$ aim to produce a teaching material in
accordance with this manner [3, 4].

Born-Haber cycle related with sodium chloride NaCivell known thermodynamic
procedure for student’s learning of theromochemisfs]. An understanding of
thermodynamics tends to be unclear and tends te masunderstanding. For example, if
the dissolution phenomenon of salt is taken, tsealution will take place spontaneously
thermodynamically with a value positive in enthatiiyange, and then an understanding of
a relation with entropy change will become ambigueasily. This paper reports the study
on thermochemical teaching material by quantumutation in which original Born-
Haber cycle related with sodium chloride NaCl isabbshed for student to understand
meaning of the thermodynamic changes in the phenome
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1. Procedure

The semi-empirical molecular orbital calculatiorftaare MOPAC in the CAChe Work
System for Windows ver. 5.0dujitsu, Inc.) with PM6 Hamiltonian was used in
calculations for optimization of heat of formatiatk; as origin. The4E; was calculated
on the basis of the definition of heat of format{@&aect+ Enuc— Eisol + Eatom) [6]-

Enthalpy changegH of the corresponding processes were calculatetthemasis of the
AEs. AHgissol Of the dissolution process of NaCl(s} NaCl(ag) was estimated by our
practical data from the experiment of NaCl dissoluin water at 298 K.

2. Results and Discussion
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Fig. 1. Born-Haber cyclé
2 /IH / kImol t is calculated fromyIEs; /IHgisso Was estimated from our experiment of NaCl dissofuin
water at 29&. Vales inside of a parenthesis are cited in #ference [7].

Calculated heat of formatiaaE; / kdmol™* as an original of NaCl-related species were as
follows; —206.67 as NaCl(g), 107.32 as Na(g), 124 CI(g), 545.09 as Na), —252.02
as CI (g), -1.74 as G(g), and —331.98 as NacCl(s). Enthalpy changidsamong steps in
the reaction process related with NaCl are abfentbout from the combination AE;.
CalculatedaH is represented in Fig. 1 as an original Born-Hatyete, with definition of
subscription of f: formation, sub: sublimation, iolnization, dissoc: dissociation, ea:
electron affinity, hyd: hydration, dissol: dissodut, lat: lattice with reference value inside
of a parenthesis [7]. For the purpose of cleaickiometry, state of molecule with relative
size is represented. We should use the ionizatidhaépy, 4Hion + RT, 4vgas = +1 and
enthalpy of electron affinitygHea + RT, 4vgas= —1 ; but not only is the difference small
(RT = 2.5 kdmol* at 298 K), theRT is in fact cancelled by a similar term mentioned
above.

2.2 Dissolution

73



@ + @

Na*(g) + Cl(g)

4 Gdissol = AHdissol - 74 Sdissol
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= 620.65 kJ mol'' —298.15 K x 131 J K- mol!
= - 582 kJ mol!

N

/

Na*@@q) +  Cl(aq)

Fig. 2. Dissolution

An intelligible diagram about dissolution phenomene advocated in Fig. 2 with the
thermodynamic changes of enthalpy, entropy and $Sibbction in order that student may
understand the meaning of thermodynamic changeshén phenomenon and treat
thermochemical procedure with calculation by thadgmamic quantities. It is clear that
dissolution phenomenon proceeds spontaneously awnthe plus value ofaHgissol
besides with plus value afSjissoy totally with minus value o#Ggissor The visualization
based on outcomes from the calculation would haveng possibility for teaching
material to a smooth understanding for studeneatize the whereabouts of the reaction.
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