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Abstract

The lab experiment aimed to investigate the dissolution kinetics of Alka-Seltzer tablets,
focusing on the effects of water temperature and surface area on reaction rates. The experiment
involved dissolving Alka-Seltzer tablets in water at different temperatures and conditions (whole,
broken, and crushed). Reaction times were recorded using a stopwatch, and reaction rates were
calculated. The results showed that higher temperatures and increased surface areas significantly
accelerated the dissolution rate. Tablets dissolved fastest at 55°C, and crushed tablets dissolved
quicker than whole or broken ones. These findings confirmed the hypothesis that both higher
temperatures and larger surface areas enhance reaction rates. The experiment demonstrated the
principles of chemical kinetics, highlighting how temperature increases the kinetic energy of
molecules and how greater surface area facilitates more effective collisions. Minor inconsistencies
in dissolution times were noted, suggesting the need for precise control of experimental conditions
in future studies. Overall, this study provided valuable insights into the factors affecting reaction

rates and emphasized the importance of temperature and surface area in chemical kinetics.
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Introduction

The primary objective of this experiment was to investigate how temperature and surface
area influence the reaction rate of Alka-Seltzer tablets when dissolved in water. This investigation
focused on testing the hypothesis that increasing the temperature and the surface area of the tablet
would result in a faster reaction rate. The rate of reaction is a crucial aspect of chemical kinetics,
and understanding how different factors influence this rate can provide insights into various
chemical processes. By varying the temperature and surface area of Alka-Seltzer tablets, the
experiment aimed to observe and quantify the changes in reaction rates, thereby gaining a deeper
understanding of the principles that govern reaction kinetics.

Background

Overview of Reaction Kinetics: Reaction kinetics is the branch of chemistry that deals
with the rates of chemical reactions and the factors that affect these rates. Several key factors
influence reaction rates, including temperature, surface area, concentration of reactants, and
presence of catalysts (Sievers et al., 2016). Increasing the temperature increases the kinetic energy
of the molecules involved, leading to more frequent and energetic collisions. This often results in
a higher reaction rate (Sievers et al., 2016). For reactions involving solids, the surface area of the
reactant plays a significant role. Increasing the surface area allows more particles to be exposed to
reactants, enhancing the reaction rate. On the other hand, higher concentrations of reactants lead
to an increased likelihood of collision between reactant molecules, thus increasing the reaction rate
(Sievers et al., 2016). Catalysts speed up reactions without being consumed in the process by

providing an alternative reaction pathway with a lower activation energy.


https://masterswriters.us/order/

(SRR SIWRITERS

Chemical Reaction of Alka-Seltzer: Alka-Seltzer tablets contain sodium bicarbonate
(NaHCO:s) and citric acid (HsCsHsO-) (Alcalde-Vazquez et al., 2022). When these tablets are
dissolved in water, the following chemical reaction occurs:

3NaHCOs3(agq) + H3CsH507(ag) — NazCeH;07(aq) + 3CO2(g) + 3H20(1)

In this reaction, sodium bicarbonate reacts with citric acid to produce sodium citrate, water,
and carbon dioxide gas. The release of carbon dioxide gas is what causes the effervescence
observed when the tablet dissolves (Alcalde-Vazquez et al., 2022). The rate at which this reaction
occurs can be influenced by various factors, including temperature and the physical state of the
tablet (whole, broken, or powdered).

Relevance of the Study: Understanding how temperature and surface area affect reaction
rates is crucial in both scientific research and industrial applications. In industries such as
pharmaceuticals, food processing, and materials science, controlling reaction rates is essential for
optimizing production processes and product quality. For instance, in the pharmaceutical industry,
the dissolution rate of drugs can impact their bioavailability and effectiveness. In environmental
science, reaction kinetics can influence the rate of pollutant degradation. This experiment serves
as a practical application of reaction kinetics, providing valuable insights that can be applied to
real-world scenarios. By exploring these fundamental principles, students and researchers can
develop a solid foundation in chemical kinetics, preparing them for more advanced studies and
applications in various fields of chemistry and engineering.

Materials and Methods
Materials
The materials used for this lab experiment included Alka-Seltzer tablets, a scale, ice, small

cups, measuring cups, and a thermometer. Additionally, a mortar and pestle were needed to crush
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the tablets, and a stopwatch was needed to time the reactions. These tools and substances were
necessary to measure, manipulate, and observe the effects of temperature and surface area on the
reaction rate of the Alka-Seltzer tablets.
Procedure

Two Alka-Seltzer tablets were weighed separately, and their values were recorded. The
average mass of the tablets was then calculated for use in subsequent trials. For the room
temperature water trials, 100 mL of room temperature water was measured, and the temperature
was recorded. Three trials were conducted under different conditions: one with a whole tablet, one
with a tablet broken into pieces, and one with a tablet crushed into powder. The dissolution time
for each condition was measured and recorded. For the variable water temperature trials,
experiments were conducted using two Alka-Seltzer tablets in water with temperatures set at 20°C
and 40°C above room temperature. Additionally, trials were repeated with water cooled to between
0 and 5°C. In each case, the dissolution time was measured and recorded, and the reaction rates
were calculated.

Results

Table 1: Reaction Rates at Different Temperatures and Surface Areas

Trial Water Temperature  Water Concentration Time to Heat Change
(°C) (%) Dissolve (s) (°C)
1 25 (Room 100 46 -1.3
Temperature)
2 5 (Cold) 100 74 -0.9

3 55 (Warm) 100 32 -1.9
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4 25 (Room 110 52 -1.1
Temperature)

5 25 (Room 120 56 -0.9
Temperature)

6 25 (Room 130 62 -0.8
Temperature)

Table 1 shows the time it took for Alka-Seltzer tablets to dissolve under different conditions
and the corresponding heat change during the reaction. It reveals that higher temperatures
generally lower the dissolution time, indicating a quicker reaction rate. For example, at 55°C (Trial
3), the tablet dissolved in 32 seconds with a heat change of -1.9°C, demonstrating a significantly
faster reaction compared to the 74 seconds required at 5°C (Trial 2) with a heat change of -0.9°C.
Additionally, increasing the water concentration appeared to slow the reaction, likely due to
dilution effects. Each trial was conducted using consistent amounts of reactants to ensure precise

and comparable results.
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Graph 1: Water Temperature vs. Time to Dissolve Alka-Seltzer Tablets.
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The graph illustrates the relationship between different water temperatures and the time it
took for Alka-Seltzer tablets to dissolve. It clearly shows a pattern where higher temperatures
significantly accelerate the dissolution process, with a notable increase in dissolution speed at 55°C

compared to lower and room temperatures.
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Graph 2: Water Concentration vs. Heat Change
Graph 2 illustrates the heat changes observed during trials with different water
concentrations in which Alka-Seltzer tablets were dissolved. The results indicate that higher
concentrations lead to more significant heat changes compared to lower concentrations, with the
greatest heat changes occurring at increased concentrations. This finding underscores that both
dilution and temperature affect the dissolution process.
Discussion
The experiment aimed to investigate the effects of temperature and surface area on the
dissolution rate of Alka-Seltzer tablets in water. The results confirmed the hypothesis that

increasing temperature and surface area would enhance the reaction rate (Sievers et al., 2016). As
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seen in Table 1 and the corresponding graph, the time to dissolve decreased significantly with
higher temperatures. For instance, tablets dissolved much faster at 55°C compared to room
temperature or 5°C. This is consistent with the principles of reaction kinetics, where higher
temperatures provide reactant molecules with more kinetic energy, leading to more frequent and
effective collisions. Moreover, surface area played a crucial role in reaction rates. Crushed tablets
dissolved quicker than whole or broken tablets due to the increased surface area, which allowed
more reactant particles to be in contact with water, facilitating faster dissolution (Sievers et al.,
2016). These findings highlight the importance of both temperature and surface area in controlling
reaction rates.

The results also indicated some anomalies, such as slight variations in dissolution times at
the same temperature, which could be attributed to minor experimental errors or inconsistencies
in tablet mass. Future experiments could benefit from more precise control of variables and
additional trials to ensure reliability. Overall, this experiment provides a clear demonstration of
fundamental concepts in chemical kinetics, emphasizing the influence of temperature and surface
area on reaction rates.

Conclusion

The experiment successfully demonstrated the impact of temperature and surface area on
the dissolution rate of Alka-Seltzer tablets in water. The results confirmed the hypothesis that
higher temperatures and increased surface area lead to faster reaction rates. Tablets dissolved
significantly quicker at elevated temperatures, with the fastest dissolution observed at 55°C.
Similarly, crushed tablets dissolved more rapidly than whole or broken tablets due to their larger
surface area. These findings align with the principles of reaction kinetics, highlighting the role of

temperature in providing kinetic energy for more effective collisions and the importance of surface
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area in increasing reactant contact. The experiment underscored the practical application of these
concepts in understanding and controlling chemical reactions. Future studies could further refine
these results by addressing minor experimental inconsistencies. Thus, the lab provided a clear and

effective demonstration of the factors influencing reaction rates.
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