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ABSTRACT. In this study we analyzed and improved an experiment measuring chemical reaction rates introduced in
the high school science textbooks through an understanding of the phenomena observed in carrying out the experiment.
For this purpose, the contents of textbooks related to the experiment were analyzed, and the problems observed in car-
rying out the experiment were addressed through experimental analysis. When the experiment was carried out by the
method of aquatic transposition presented in textbooks, the observed volume change of H, gas was delayed and chemical
reaction rate was increased in the early stage of reaction period. To resolve these problems, an improved method for mea-
suring the reaction rates was suggested. In the improved experiment the reaction rate was measured to be constant on

time, which was interpreted in terms of the concentration of H* and the surface area of magnesium.
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Table 1. The analysis of experimental conditions of determining chemical reaction rates in the high school science textbooks

Quantity of reagents

Textbook - Volume of reaction vessel Method
Acid Metal
C HCI 4%, 50 mL. Mg, 5 cm NA, NA SM
D HCI 3%, NA Mg, 4 cm NA, NA AT
E HCI 4%, 10 mL. Mg, 1 cm NA, NA AT
1 HCI1 5%, 100 mL Mg, 4 cm 250 mL* 100 mL® AT
a HCI10.1 M, NA Mg, 1.5 cm NA, 50 mL* SM
c H>S040.1 M, NA Zn, NA NA, NA AT
d H>S040.1 M, 100 mL Mg, 05¢g 250 mL?, 500 mL® AT

NA: not available, SM: syringe measurement, AT: aquatic transposition

*Erlenmeyer flask, "Graduated cylinder, “Syringe
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Fig. 1. A schematic diagram of the experimental setup for
measuring volume of Ha gas generated in the reaction between
2H'(aq) + Mg(s) described in the high school science text-
books.
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Fig. 2. The volume change of H» gas in the reaction between
3% hydrochloric acid and 4.0 cm magnesium ribbon at room
temperature measured by the experimental setup described in
Fig. 1. The oxide layer of magnesium surface was not removed,
the solution was not stirred during the reaction.
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Fig. 3. The volume change of H, gas on time. The experi-
mental condition was the same as that in Fig. 2 but the oxide
layer of magnesium surface was removed.
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Fig. 4. Schematic diagrams of improved experiments. (a) Using a filler the height of water inside the graduated cylinder is set,
and then (b) the end of a rubber tube is connected to the branch of the Erlenmeyer flask in which magnesium ribbon is hung

down above the surface of the hydrochloric acid solution.
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Fig. 5. The volume change of H, gas on time in the reaction
between 3% hydrochloric acid and 4.0 cm magnesium rib-
bon at room temperature measured by the improved exper-
iment. The oxide layer of magnesium surface was removed,
but the solution was not stirred during the reaction.
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Fig. 6. The same as in Fig. 5 but at four different temper-
atures of 5, 10, 20, and 35 °C, respectively.
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Fig. 7. The same as in Fig. 5 but at 5 °C. Local temperature
was measured during the course of reaction.
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Fig. 8. The same as in Fig. 6 but the solution was stirred using
a magnetic stirrer during the course of reaction.
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Table 2. Linear correlations and standard deviations of slopes in figures 6 and 8, respectively

T(C) Without Stirring * Stirring ®
dVy/dt (mL-s™) R SD dVy/dt (mL-s™) R SD
5 0.41 0.9981 1.8202 0.41 0.9996 0.6603
10 0.64 0.9983 1.6823 0.64 0.9993 1.1003
20 1.06 0.9996 0.4975 1.06 0.9978 1.7438
35 1.90 0.9975 1.6938 1.89 0.9987 1.1584

“the data are from Fig. 6.
®the data are from Fig. 8.

Dk=Ax exp(fl%,)
ke S5 A5, A, E: FARNIA, R o7 A 45, T AT 2

nyo VdHT_ P dVe ey
VT ar Regar T

v WSS, [H]: Aol B, P A L R A AR, T TAY A e, v goe) R,

Ve 42 71A| o] 73, Ay Mg®] %
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Table 3. Reaction rate constants for the reaction between hydrochloric acid and magnesium

T 1/T dvy/dt v =-0.5xd[H"]/dt Vs Ak

= - b i P Ink _ Aklk
(°C) (K™ (mL-s™) (mol-L."'s™) (m'mol™"+s™) (m'mol™s™)
5 3.6x107 041 1.74x107 1.05%x107 -6.85 6.54x107° 0.0563
10 3.5x107 0.64 2.71x107 1.65%x107 -6.41 8.26x107° 0.0542
20 3.4x107 1.06 4.49%x10™ 2.73x107 -5.90 1.28x107 0.0505
35 3.2x107 1.89 8.04x10™ 4.89x107 -5.32 2.35x107 0.0456

Ak is defined as &(T+1) — &(T). k(T) and k&(T+1) are estimated using 4 and E, values of the Arrhenius equation, £ = Axexp(-E,/

RT) obtained from linear fit of In £ vs 1/T shown in Fig. 9.

®v and k were calculated using the following values: P =1 atm, T,= 15, V=100 mL, 4y, =257.2 mm’, and [H"] = 0.8 moL- L.™'

-5.04

E,=35.3kJ mol’

-5.5
~x -6.04
= |
-6.5_4
-7.04
00032 00033 00034 0.0035 0.0036
1T (KT

Fig 9. Plot of In £ vs 1/T and its linear regression fit.
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Fig. 10.(a) A scheme for calculating the surface area of
magnesium ribbon. (b) A plot of the simulated surface area
of magnesium ribbon on time for the case that the reaction
is completed in 100 s.
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