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The Significance of Thermal Analysis in the Development of Teaching
Materials for Chemistry Education

- As Exemplified by the Precipitation Reactions of Zinc Salts and their Thermal Decompositions -

Haruhiko Tanaka, Y oshinobu Matsuda, Nobuyoshi Koga, and Y oshihiro Furukawa

(Received May 10, 2004; Accepted June 24, 2004)

Thermoanalytical studies of reactions involving basic zinc salts were made as an example
of application of thermal analysis to the fundamental research on developing teaching materials
for chemistry education. The studies were complemented by pH titrimetry, thermometric titrimetry,
chemical analysis, IR spectrometry, and X-ray diffractometry. On the basis of the results, the
possibility was suggested that some investigative teaching materials are developed by introducing
the precipitation reactions and thermal decomposition of the basic zinc salts into chemistry courses
at a secondary education level. It was proposed that the thermoanalytical measurements for the
basic zinc salts applied in the present study are also utilized successfully as teaching materials
for educating thermal analysis at universities and colleges.
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Table 1 Reactions for the precipitation from solutions.

Reaction Zinc salt Titrant solution t/p itration speed
solution / ml minot
| 0.1M-ZnS0O4 0.2M-NaOH 25 0.5
1 0.1M-Zn(NOs)2  0.2M-NaOH 25 0.5
11 0.1M-ZnS0O4 0.1M-Nax;CO3 25 0.5
v 0.1M-Zn(NO3); 0.IM-Na&,COs; 25 0.5

*IMO1mol [0t
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Fig.1 Typical pH titration curves for Reactions | and
I, together with a thermometric titration curve
for Reaction I.
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Fig.2 Typical pH titration curves for Reactions Il and

V.
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Table 2 Chemical analysis of the precipitates yielded according to Reactions | 0 IV and from [Zn(NHz)4]2C solution,
together with calculated values for the typical zinc salts.

Precipitate or typical zinc salt

Content / wt %

Zn?Y SO42" NO;"
precipitate yielded according to Reaction | 49.6+ 0.4 18.4+ 0.1 -
precipitate yielded according to Reaction Il 51061+ 0.10 0.3 — Not detected
precipitate yielded according to Reaction |11 58.3+ 0.3 0.4+ 0.1 =
precipitate yielded according to Reaction |V 58.9+ 0.4 - Not detected
precipitate yielded from [Zn(NH3)4]2" solution 64.7+ 0.5 — -
Zn(OH)2 (FWO 99.40) 65.8* — -
Zn4(OH)6S0404H,0 (FWO 531.65) 49.2* 18.1* -
ZnCOs (FwO 125.40) 52.2* - -
Zns(CO3)2(OH)s  (FWO 549.00) 59.6* — -

59.2* — —

Zn,COs (OH)dIH,O (FWO 441.60)

* Calculated values.

(2) 2ZnS0 (aq) + 3NaOH(aa)
(a) (b) Zn(NO,),(aq) + 2NaOH(aq)
(c) precipitated from [Zn(NH ) I
(d) ZnSO (aq) + Na,CO,{aq)

Transmittance

L T T T T T T T T
4000 3000 2000 1500 1000 500
v/ cmol

Fig.3 Typical FTIR spectra for the precipitates.
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- {a) ZZnSO‘,(aq) + 3NaOH(aq)
(b) Zn(NO,), + 2NaOH(aq)

(¢) precipitated from (Zn(NH,},*
(d) ZnSO,{aq} + Na,CO,(aq)

0
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Fig.4 Typical XRD patterns for the precipitates.
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Fig.5 Typical TG-DTA curves for the thermal
decomposition of Zn(OH)a.
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Fig.6 Typical TG-DTA curves for the thermal
decomposition of the precipitate yielded according
to Reaction |, Zn4(OH)SO4InH-0.
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Fig.7 Typical TG-DTA curves for the thermal
decomposition of the precipitate yielded according
to Reaction II.
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Fig.8 Typical TG-DTA-EGA (H2O, CO,) curves for
the thermal decomposition of the precipitate
yielded according to Reactions Ill and 1V,
Zns(CO3z)2(OH)d1nH20.
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Fig.9 A diagram of the precipitation and thermal
decomposition reactions of zinc salts.
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