An investigation into the variables affecting rate of reactions using hydrochloric acid and magnesium strips
C. Doherty, UWTSD
L4 Chemistry (OME), Lab Group 1The aim of the experiments within this paper was to look at the effects of temperature, concentration and surface area on the rate of reaction of HCl and magnesium strips. The results show a general trend in the increase of reaction rate in proportion to these variables, with one experiment (surface area) being affected by large errors. The outcome of the experiments suggests changes should be made for future experiments, and highlights the potential sources of error.
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The rate of a chemical reaction is an essential concept in chemistry and defines the change in concentration of a reactant per unit time. The rate at which it completes reaction provides insight into the dynamic behaviour of the particles within the system. In 1884, Arrhenius discovered that the rate of a reaction depends on temperature and suggested that there was an empirical relationship between the two [1]. In 1857, Faraday discovered that increasingly smaller divisions of metal reacted faster than larger ones [2]. In 1864, Waage performed experiments with reactions of varying concentration and was the first to document these results [3]. 

The three experiments within this report look at each of these areas by adding magnesium to HCl (Eq. 1). The dependent variable for all 3 experiments is the volume of hydrogen gas produced. The independent variables are the concentration, temperature, and surface area for experiment 1, 2 and 3 respectively. The control variables are the equipment, measuring devices and type of metal used. The partially controlled variables are the concentration (except experiment 1), the temperature (except experiment 2), and the surface area (except experiment 3).

		(Eq. 1)

In the first part, the concentration of HCl was varied with the other factors kept constant. The working hypothesis is that the higher the concentration, the faster the rate of the reaction as there would be a larger particle density in solution. In part 2, temperature was the varied factor. This was expected to proportionally affect the reaction rate, as the rise in temperature means a larger kinetic energy for the particles in solution, causing them to collide more often and always have sufficient activation energy. In the third section, the difference in surface area was investigated, in which the hypothesis was that the larger the surface area (the rougher the material), the faster the reaction as the particles would have more area to collide with.

To find the rate of reaction, the amount of product was compared to the time taken for this to be produced (Eq. 2). This was done numerically. 

		(Eq. 2)

[bookmark: _Toc192255812][bookmark: _Toc192262324]To create solutions of varying concentration, deionised water was added to a 20mL solution of a given 2M concentration (Eq. 3). This way, 10mL of added water produced a 1M solution, 5mL of added water produced a 1.5M solution, and so on.

	 	(Eq. 3)

Method

For the first investigation involving a varying of concentration, four 20mL solutions of HCl were prepared in 0.5M increments (0.5M, 1M, 1.5M, 2M). This was done by diluting a 2M solution with a set amount of deionised water (Eq. 3). Then, the HCl was added to a test tube (with an arm, attached to a gas syringe) with the syringe held parallel to the direction of gravity. A 4cm strip of aluminium was added to the tube with a lid quickly placed on top. The hydrogen that the reaction produced filled the gas syringe with a measurable volume which was recorded until no greater measurement was obtained for each concentration.

The second experiment involved heating 3 20mL solutions of 1M HCl in a water bath, each to a varying temperature, and then performing the experiment just as was done for the first investigation to record a value of hydrogen gas. The third experiment used the same method as the first two, but compared just two identical concentrations of 1M HCl with either a strip of magnesium, or magnesium filings and compared the speed at which the hydrogen gas was produced.
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Figure 1. Graphs comparing the data collected for experiment 2 - varying temperature.

[bookmark: _Toc192262326]Comparing the 100 second mark for the temperatures (36.6 °C, 38.2 °C and 48.1 °C), provides 0.410 cm3s-1, 0.610 cm3s-1 and 0.550 cm3s-1. When comparing the initial rate up to the turning point, this comes to 0.440 cm3s-1, 0.800 cm3s-1 and 1.125 cm3s-1. 
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Figure 2. Graphs comparing the data collected for experiment 1 - varying concentration.
Comparing the 100 second mark for each concentration (see Figure 2) (0.500M, 1.000M, 1.500M and 2.000M) gives 0.105 cm3s-1, 0.610 cm3s-1, 0.650 cm3s-1 and 0.660 cm3s-1. The initial rate up to the turning point for each solution comes to 0.105 cm3s-1, 0.700 cm3s-1, 2.000 cm3s-1, 2.040 cm3s-1 respectively. 
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Figure 3. Graphs comparing the data collected for experiment 3 - varying surface area.
The graphs for experiment 3 (see Figure 3), when comparing the 100 second mark provide 0.410 cm3s-1 and 0.610 cm3s-1 for the filings and strip, respectively. Unfortunately this is completely incorrect and highlights a large error within the experiment. 
Discussion

The need for a comparison of the initial reaction rates up to the turning point of the reactions arises from each reaction varying in time control and total data points. For each experiment, the timing varies throughout, and the amount of data points collected change; this is due to a lack of consistency in set up and procedure - causing different amounts of total gas to produce. Interestingly both experiments 1 and 2 gave results in line with theory and the hypothesis and provide a general trend for a faster reaction rate. Experiment 3 gave a value inconsistent with theory and the hypothesis.
[bookmark: _Toc192262327]
As mentioned previously there were large errors present in the experiment but for the sake of the report only a few major points will be discussed. Firstly, for a lot of the experiments the syringe was not perfectly parallel and therefore the weight of the syringe was resisting the pressure of the hydrogen – stopping the scale from moving. This resulted in measurements stagnating, as well as being plainly incorrect and smaller than reality. To prevent this happening for future experiments the syringe should be levelled onto a flat surface instead of using a clamp stand which are tricky to set angles with. Another error was the friction within the syringe. Typically, gas syringes do not need to be lubricated – however the ones in use for this experiment were not perfectly clean and prevented the syringe from sliding smoothly. The effect of this on the results was great and provided consistently varied incorrect readings for the volume of hydrogen. This can easily be avoided in the future by using new syringes (and avoiding any wet surfaces) or by using an acceptable solvent as the lubricator. Another error to highlight is the time taken to put the lid on the test tube after beginning the reaction. This is a hard variable to control and therefore the need for human interaction should be minimised – this could be done automatically by a machine. The error this provided for the experiment meant that a lot of hydrogen gas spilled out into the air and not into the syringe – this can be seen in the results where the reactions produce varying amounts of total gas and vary wildly in time. 

In the world of high energy explosives, reaction rates have not yet been linked to performance (or sensitivity) by a singular relationship – but by the general trend of increasing explosive strength increases explosive sensitivity [4]. There are different forms of sensitivity, such as frictional, impact, heat and electrostatic. Each of these affect the rate of reaction differently and by different proportions. This is shown by Zeman in his study on nitramines where they increase in explosive strength when they become more sensitive to friction, however some polymorphs and 1-3-5 groups are inversely proportional when it comes to impact sensitivity. There have also been additional findings when it comes to temperature, building upon the Arrhenius equation and parameterising the model to fit a high temperature to time explosive scenario. Wenograd showed that the log10(H50) – the height needed to drop a substance for a 50% probability of explosion – depended linearly on the critical deflagration temperature [5]. This has also been confirmed more recently, in 2020, to have the same correlation through investigations into RDC, PETN, HMX, TNT and other more common explosives. [6]. There were also studies showing that log10(H50) was inversely proportion to the oxygen balance of a molecule. This was also found to be true for the total energy given out during explosion - linking oxygen balance and total heat to the rate of an explosion [7] [4]. The primary principle behind this is the kinetic energy of the particles, the concentration and size of the molecules – all things which are known to be primary contributors to reaction rates.


Conclusion
[bookmark: _Toc192262328]
The hypothesis for experiment 1 was shown to be true, but only when manipulating the data. When looking at equal time points on each temperature, the largest temperature is not shown to have to greatest reaction rate. However, when comparing the initial rate up to the turning point on the graph – the hypothesis is shown to be true. This comes down to errors present within the experiment, with the syringe not being parallel to the worksurface being largely to blame. The hypothesis for experiment 2 was proven correct, as the increase in concentration gave a clear rise in the rate of the reaction for both the initial rate and at equal time signatures. The hypothesis for experiment 3 was disproven but only for this experiment, and not for the general relationship. This is all due to the errors present in the experiment and this should be repeated for more clarity. However, in total, the aim of the experiment was achieved as there was shown to be a different in rate of reaction when changing the physical variables.

Looking at the wider research for rates of reaction show that they largely depend on the energy of the system (temperature), the amount of particles present (concentration), the size of the molecules (surface area) and further studies on catalysts (which change the reaction route).
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Appendix
List of equipment and chemicals used:

· Test tube with arm
· Gas syringe
· Rubber top
· Delivery tube
· Two large beakers
· Pipette
· Pipette filler
· Two clamp stands
· Test tube holder
· Thermometer 
· Ring stand
· Bunsen burner
· Clay triangle 
· Stopwatch
· Magnesium ribbon (4 cm length)
· Magnesium powder (same mass as ribbon)
· Hydrochloric acid (2.0 M)
· DI water



The full method can be seen below:

Experiment 1:
1. Prepare 4 20.0 mL solutions of HCl with 0.5M, 1M, 1.5M, 2M concentration 
1. Pour one HCl solution into a test tube (which has an arm attachment, attached to a gas syringe)
1. Add a 4 cm strip of magnesium ribbon to the test tube and put the lid back on
1. Record the volume of hydrogen gas given off until no more gas is produced or measured. 
1. After the reaction is completed, discard the reaction mixture in the waste beaker
1. Repeat for the other concentrations
Experiment 2:
1. Heat 3 solutions of 1M 20mL solutions in a water bath to a varying temperature
1. Transfer the solution to the test tube attached to the gas syringe, place the metal inside, and add the top on
1. Record the volume of hydrogen gas given off until no more gas is produced or measured.
1. After the reaction is completed, discard the reaction mixture in the waste beaker.
1. Repeat for other temperatures
Experiment 3:
1. Prepare 2 20mL 1M HCl solutions in separate test tubes
1. Pour one into the test tube attached to the gas syringe
1. Put the magnesium filings in and put the lid on
1. Record the volume of hydrogen gas given off until no more gas is produced or measured.
1. After the reaction is completed, discard the reaction mixture in the waste beaker
1. Repeat again but use magnesium strip instead of filings.
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