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[bookmark: _Toc197603363]Introduction
The aim of the experiment was to determine how altering the concentration, temperature or surface area of a reaction affected the rate of reaction between hydrochloric acid and magnesium. These factors affected the collisions of parties and therefore the rate at which hydrogen gas was released from the reactions.  The hypothesis for this experiment was that increased concentration, temperature or surface area created a rate of reaction. Within the experiment the variables were: Independent – Concentration on HCl, Temperature of HCl, Surface area of Mg. Dependant -  Volume of hydrogen gas measured over time. Controlled –Volume of hydrogen gas, mass of magnesium and equipment used throughout.
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Balanced chemical reaction between magnesium and hydrochloric acid 

The rate of reaction was calculated using: 

The instantaneous rate was calculated using the graphs in appendix B and the equation:

Where V2 is the volume at the end of the tangent and V1 is the volume at t=0s
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The experiment used 4 different concentrations of HCl at the same temperature and volume to perform an exothermic reaction between the magnesium piece and the HCl.
	HCl (M)
	Time to dissolve Mg (s)
	Average rate (ml/s)
	Instantaneous rate at 0s (ml/s)

	0.5
	900
	0.047
	14/140=0.1

	1.0
	260
	0.223
	26/65=0.4

	1.5
	100
	0.530
	26/15=1.733

	2.0
	70
	1.029
	50/15=3.333



As the molarity of the HCl increased the average rate increased and the time to dissolve the magnesium decreased. When doubling the molarity of the HCL from 1.0M to 2.0M the average rate increased by over 4 times and the instantaneous rate increased over 8 times. The time taken for the magnesium to dissolve almost quartered. The increased concentration meant there were more particles in the reaction and therefore a higher number of collisions.



[bookmark: _Toc197603366]Experiment 2: Effect of temperature on speed of H2 gas evolution
The experiment used a range of temperatures of HCl to dissolve the magnesium.
	Temperature (°C)
	Time to dissolve Mg (s)
	Average rate (ml/s)
	Instantaneous rate at 0s (ml/s)

	24.6
	260
	0.223
	26/65=0.4

	41.1
	90
	0.672
	32/15=2.133

	50.1
	80
	0.800
	34/15=2.267



With an increased temperature particles had more kinetic energy, therefore increasing the speed the particles moved. As the particles moved faster there was a greater chance of successful collisions over a shorter period of time. At 50.1 degrees the average rate was almost 4 times greater than that at 24.6 degrees. The average rate and instantaneous rates also increased with temperature.



[bookmark: _Toc197603367]Experiment 3: Effect of surface area of Mg on speed of H2 gas evolution
	Mg Turnings
	Rate

	Mass (g)
	Moles(M)
	Average rate (g/ml)
	Instantaneous rate at 0s (g/ml)

	0.0765
	

	

	24/20=1.2



To increase the surface area magnesium shavings were used with the same mass as the magnesium strips used in all other experiments. Having the greater surface area meant that the reacting magnesium particles were more spread out exposed to the hydrochloric acid and therefore have more collisions. The temperature remained the same as that in experiment 1 using 1.0M HCl, however the results differed. The average rate was greater than experiment 1 and the instantaneous rate was 3 times greater. The instantaneous rate was much greater due to the larger surface area coming into contact with the hydrochloric acid. 
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[bookmark: _Toc197603369]Theory 
Rate of reaction – The rate of reaction was the change in the amount of reactant or product per unit time [1]. The reaction rates decreased with time as reactants were converted to products meaning there were less successful collisions in the reactions.  The collision theory is applied to atoms, molecules and atoms and had conditions for particles to have successful collisions. The atoms needed to collide with specific orientation and enough energy to break and form new bonds [1].
[bookmark: _Toc197603370]Significance in OME 
The chemical reactions in explosives is what releases the bursts of energy in an explosive reaction. Explosives can be designed and manufactured to have different rates of reaction depending on their requirements. The rate of energy release influences the detonation velocity of an explosive as well as the products density [2]. Detonation occurs when there is a rapid chemical reaction that produces heat, gas and a rapid expansion of matter [3]. Explosive articles with a larger surface area react faster than a smaller surface area however they require a higher shock pressure to reach critical temperature and can also increase the sensitivity of the reaction. As well as surface area, changing the density of a material ca also affect the rate of reaction. For Pentaerythritol tetranitrate the effects were shown below [4]:
[image: ]
Figure 1 - Effects of density and surface area changes for PETN [4]
[bookmark: _Toc197603371]Potential sources for errors: 
Within the experiment there were several sources for error. This included the magnesium strips becoming oxidised when removed from the containers which could have affected the surface area. The strips were sanded down once removed from the jar to avoid this happening. Once added to the acid gas was released straight away however it took a short period of time to put the bung on the test tube so gas released during this tie was not accounted for. There were also areas for human error with timing and measurements of volume and gas.
[bookmark: _Toc197603372]Conclusion
In conclusion the rate of reaction was increased by increasing the temperature, surface area or concentration of reactants. This was in line with the hypothesis and increasing these factors increased the number of successful collisions between particles to break bonds and form new products therefore increasing the rate of react both initially and average.
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Appendix A: Methods
Experiment 1 – Effect of HCl concentration
· 20ml 2.0M HCl measured using pipette and added to test tube. 1.5M, 1.0M, and 0.5M solutions made using the 2M HCl and DI water.
· Temperature of solutions recorded foe 1.0Ml
· Test tube of HCl of known concentration poured into a test tube held on a clamp arm.
· 4cm strip of magnesium added to test tube on clamp and bung placed in the test tube
· Volume of hydrogen gas in gas syringe recorded every 10 seconds until no more gas given off.
· Reaction mixture discarded into waste beaker and gas syringe returned to start point.
· Graph plotted for average rate of reaction.

Experiment 2 – Effect of temperature on the speed of H2 gas evolution
· Water in a large beaker heated up using a Bunsen burner until temperature increased around 10 degrees.
· 20ml 1.0M stock solution measured using pipette and into clean test tube. Repeated 3x times.
· Test tube placed into water bath until reaching the same temperature as the water bath, measured using thermometer. 
· Higher temperature HCl transferred into test tube on arm, 4cm piece of magnesium added and bung put back
· Timed until no more gas given off from reaction
· Reaction discarded into beaker
· Repeated for 2 more temperatures

Experiment 3 – effect of the surface area of Mg on speed of H2 gas
· 20 ml 1M HCL pipetted into test tube on arm and stand and temperature measured
· Mg turnings added into test tube and bung put back 
· Timed until no more gas given off
· After reaction completed discarded in waste beaker







Appendix B: Graphs
Experiment 1: Red lines show instantaneous rate at t=0s
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Experiment 2:
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Experiment 3:
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Appendix C:
Original Data Sheets
Experiment 1:
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Experiment 2
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Experiment 3
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