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[bookmark: _Toc183633148]Introduction
This laboratory reports documents experiments carried out by the learner to determine the effect of concentration, temperature and surface area on the rate of reaction for Magnesium (Mg) reacting in Hydrochloric acid (HCl) by measuring how much Hydrogen (H2) was produced. The balanced chemical equation for this reaction can be seen in equation 1.
[bookmark: _Toc183446926][bookmark: _Toc183633254]Equation 1 Balanced HCl and Mg reaction equation.

The experiments were carried out by the learner and their two fellow students S. Dean and S. Shepherdson.
 The first set of experiments looked the effect of change in concentration of the HCl using 1 mole, 1.5 mole and 2 mole concentrations for the reaction. The second set of experiments looked at effect of change temperature the reaction was undertaken at looking at ambient (23.8°C), 35°C, 45°C and 55°C for the HCl. The third set of experiments looked at the effect of change in surface area of the Mg sample with the first being in solid form and the second being in powder form, thus increasing the surface area of the sample. All experimental steps are documented in Appendix A of this report.
Reaction rate is a concept that is used to determine how fast a chemical reaction is taking place to turn reactants into products by indicating how much of the reactant is consumed or how much of a product form in a given time. [1] The rate of a reaction can be determined using equation 2 and for the sake of these experiments carried out the change of something was the amount of Hydrogen produced which can be seen in equation 3.
[bookmark: _Toc183446927][bookmark: _Toc183633255]Equation 2 Generic reaction rate equation


	[bookmark: _Toc183446928][bookmark: _Toc183633256]Equation 3 Experiment reaction rate equation


	Δ = change
V = volume
T = time


Controlling variables in the reaction like concentration and surface area (particle size) of the reactants, the pressure and temperature the reaction occurs at, or addition of a catalyst can assist in determining the optimal parameters for the reaction to occur at [2]. Any example of this that relates to OME would be the formulation and manufacture of propellants used in rock motors. The addition of certain metals and increasing the surface area by using nano-particles can increase the power output of the rocket motor [3]. This principle applies also to gun propellants which are used to provide gas to propel a projectile at high kinetic energies. The velocity of the projectile is dependant of the rate at which the gas is produced, which is in turn dependant on the amount of chemical energy released, thus the quicker the reaction and the rate of the reaction, the higher the velocity of the projectile [4]. 

The learner hypothesized that increasing the concentration of the HCl, increasing the temperature of the reaction and increasing the surface area of the Mg would all increase the rate of reaction and provide a similar volume of H2 produced as the mass of the Mg and HCl stayed constant for all the experiments. This hypothesis was based on the principle of collision theory in the sense that “Molecules must collide before they can react” [5]. Increasing the concentration of the HCl increases the number of HCl molecules that can react with the Mg, thus increasing the chance of collision occurring. Increasing the temperature of the reaction increases the energy of the molecules making them move faster, thus increasing the chance of collision occurring. Increasing the surface area of the Mg increases the number of collision sites/points, thus increasing the chance of collision occurring.

[bookmark: _Toc183633149]Results
Three sets of experiments were carried out by the learners, the first following Appendix A section 1 to measure the effect of concentration of HCl on speed of H2 gas evolution, the second following Appendix A section 2 to measure the effect of temperature on speed of H2 gas evolution and the third following Appendix A section 2 to measure the effect of surface area of Mg on speed of H2 gas evolution.
 Note: Mg mass calculations were reported to 4 decimal places as this was the capability of the balances used, H2 gas measurements were reported to full numbers as per indication on the gas syringe, temperatures measurements were reported to 1 decimal place as this was the capability of the thermometer used. All other results were reported to 2 decimal places.

[bookmark: _Toc183633150]Effect of Concentration of HCl
Figure 1 documents the results for the comparison of the rate of reaction between 1 mole, 1.5 mole and 2 mole concentration of the HCl. 

[bookmark: _Toc183633133][bookmark: _Toc183633226]Figure 1 Concentration comparison graph
Figures 2,3 and 4 indicate the gradients for T=0 the initial reaction rate at the first data point, T=1 50% of the total reaction time had occurred and T=2 the reaction had completed, and no further gas evolution was observed for the concentrations. Table 1 documents the figure for T=0, T=1 and T=2 for all concentrations in cm3 per second (cm3/s-1). All calculations can be found in Appendix B section 1
T=2
T=1
T=0

[bookmark: _Toc183633134][bookmark: _Toc183633227]Figure 2 1 Mole gradients graph
T=2
T=1
T=0

[bookmark: _Toc183633135][bookmark: _Toc183633228]Figure 3 1.5 Mole gradient graph

[bookmark: _Toc183633136][bookmark: _Toc183633229]Figure 4 2 Mole gradient graph

[bookmark: _Toc183633145][bookmark: _Toc183633268]Table 1 Gradient figures for all concentrations
	Concentration
	T=0 (cm3/s-1)
	T=1 (cm3/s-1)
	T=2 (cm3/s-1)

	1 Mole
	0.70
	0.80
	0.70

	1.5 Mole
	2.30
	0.95
	0.56

	2 Mole
	3.70
	1.28
	0.93



[bookmark: _Toc183633151]Effect of temperature
Figure 5 documents the results for the comparison of the rate of reaction between 23.8°C, 35°C, 45°C and 55°C reaction temperatures

[bookmark: _Toc183633137][bookmark: _Toc183633230]Figure 5 Temperature comparison graph
Figures 6,7,8 and 9 indicate the gradients for T=0 the initial reaction rate at the first data point, T=1 50% of the total reaction time had occurred and T=2 the reaction had completed, and no further gas evolution was observed for all temperatures. Table 2 documents the figure for T=0, T=1 and T=2 for all temperatures in cm3 per second (cm3/s-1). All calculations can be found in Appendix B section 2
T=2
T=1
T=0

[bookmark: _Toc183633138][bookmark: _Toc183633231]Figure 6 23.8°C gradient graph


[bookmark: _Toc183633139][bookmark: _Toc183633232]Figure 7 35°C gradient graph

[bookmark: _Toc183633140][bookmark: _Toc183633233]Figure 8 45°C gradient graph

[bookmark: _Toc183633141][bookmark: _Toc183633234]Figure 9 55°C gradient graph

[bookmark: _Toc183633146][bookmark: _Toc183633269]Table 2 Gradient figures or all temperatures
	Temperature (°C)
	T=0 (cm3/s-1)
	T=1 (cm3/s-1)
	T=2 (cm3/s-1)

	Ambient (23.8)
	0.70
	0.80
	0.70

	35
	0.40
	0.28
	0.17

	45
	0.90
	0.34
	0.23

	55
	1.30
	0.45
	0.30



[bookmark: _Toc183633152]Effect of surface area
Figure 10 documents the results for the comparison of the rate of reaction between the solid ribbon and powdered sample of Mg.

[bookmark: _Toc183633142][bookmark: _Toc183633235]Figure 10 Surface area comparison graph
Figures 11 and 12 indicate the gradients for T=0 the initial reaction rate at the first data point, T=1 50% of the total reaction time had occurred and T=2 the reaction had completed, and no further gas evolution was observed for all both surface areas. Table 3 documents the figure for T=0, T=1 and T=2 for all temperatures in cm3 per second (cm3/s-1). All calculations can be found in Appendix B section 3

[bookmark: _Toc183633143][bookmark: _Toc183633236]Figure 11 Solid sample gradient graph

[bookmark: _Toc183633144][bookmark: _Toc183633237]Figure 12 Powder sample gradient graph

[bookmark: _Toc183633147][bookmark: _Toc183633270]Table 3 Gradient figures for all surface areas
	Sample Type
	T=0 (cm3/s-1)
	T=1 (cm3/s-1)
	T=2 (cm3/s-1)

	Solid Ribbon
	0.70
	0.80
	0.70

	Powder
	1.50
	0.60
	0.34



[bookmark: _Toc183633153]Discussion
[bookmark: _Toc183633154]Effect of concentration of HCl
Changing the concentration of the HCl used in the reaction from 1 mole to 1.5 mole, to 2 mole gave the result that the learner expected to see, that the rate of reaction increased as seen in figure 1. The initial rate of reaction also increased with the concentration increase giving the results seen in table 1. The volume of gas produced for the 1 mole and 1.5 mole reactions was less than that produced in the 2-mole reaction, and this was down to the Mg not fully reacting with the HCl in both. For the 1 mole experiment, the learners finished the experiment too early and notices that a small part of the Mg was still present after the reaction. For the 1.5 mole experiment the Mg strip got stuck to the side of the test tube, so the full reaction was not able to occur for the whole mass of the Mg.
[bookmark: _Toc183633155]Effects of Temperature
Changing the temperature of the reaction from ambient (23.8°C), to 35°C, to 45°C and 55°C also gave the result that the learner expected to see, that the rate of reaction increased as the temperature increased as seen in figure 5. The initial rate of reaction also increased as the temperature of the reaction increased as seen in table 2, though for the 35°C experiment the first measurement was missed at the 10 second mark so the initial rate of reaction was taken from the 20 second mark. This sadly provided a lower initial rate of reaction, but the remaining temperature increases provided an increased initial rate of reaction. The volume gas produced for the above ambient temperatures was largely consistent for each experiment.
[bookmark: _Toc183633156]Effects of surface area.
Changing the surface area of the Mg in the reaction from a solid ribbon to a powder form also gave the results that the learner expected to see, that the rate of reaction increased as the surface area of the Mg increased as seen in figure 10. The initial rate of reaction also increased as the surface area increased as seen in table 3. The difference in gas measured was down to the solid ribbon sample not fully reacting and some being left over after the experiment. 
[bookmark: _Toc183633157]Sources of Experimental Error.
The main source of potential experimental error for these reactions are the following:
· Not letting the reaction fully occur and this was observed during 2 of the experiments by the learner in that some of the Mg sample remained after one experiment and the Mg got stuck to the edge of the test tube on another. 
· Mass measurement of the Mg samples was carried out previously to experimentation, ideally the learner would have preferred to measure this themselves.
· The learner was unaware if any balance checks had been carried out prior to use – e.g. reference weights.
· For the effect on temperature experiments, the HCl was heated in a water bath and then transferred out for the reaction measurement. Ideally the reaction would have been held at a controlled temperature for the duration of the reaction, rather than the risk of the temperature reducing through thermal loss during.
[bookmark: _Toc183633158]Conclusion
The results of the experiment carried out by the learner support the original hypothesis of the learner and shows changing the specific parameters of concentration, temperature and surface area do in fact increase the rate of the reaction. Future research could be carried out on this experiment addressing the limitations of this experiment described in section 3.
[bookmark: _Toc183633159]References
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[bookmark: _Toc183633160]Appendix A -Methods
Lab tools, Materials and Supplies:
· Long test tube with arm.
· Gas Syringe
· Rubber bung and delivery tube to fit the test tube.
· 2 large beakers for the water bath and the reaction mixture waste.
· Pipette and pipette filler
· 2 Clamp stands
· 6 test tubes and test tube holder
· Graduated cylinder
· Thermometer
· Ring stand
· Bunsen burner
· Graph paper
· Heat-resistant mat
· Deionised water
· Required PPE – Lab coats, nitrile gloves and Safety goggles conforming to correct EN standards.
· Pen and experiment hand out (including table for observations)

[bookmark: _Toc183633161] Effect of Concentration of HCl method
Procedure:
1. The learned prepared three 20.0ml solutions of HCL with the concentrations of 1 mole, 1.5 mole and 2 mole using a pipette.
2. The leaner pored the HCl solution with the lowest concentration into the test tube with arm.
3. The learned then added the ribbon of Mg into the test tube and quickly put the bung back and started a stop watch.
4. The volume of Hydrogen gas given off was then recorded at suitable intervals until no more gas was given off.
5. After the reaction was completed, the reaction mixture was discarded and the test tube with arm cleaned.
6. The learner then repeated the experiment for the 2 other concentrations of HCl.
[bookmark: _Toc183633162]Effect of temperature method
Procedure:
1. The learner set up a water bath by pouring water into a large beaker and then heating over the Bunsen burner to the temperature of the water increased to 55°C.
2. Using a graduated cylinder the learner measured 20.0ml of the 1 mole stock solution into thre test tubes.
3. The first test tube was placed into the water bath and was left until the temperature of the acid reached the temperature of the HCl.
4. The heated HCl test tube was then quickly transferred to the test tube with the arm, the Mg ribbon placed into it, the bung put back and the stopwatch started.
5. The volume of Hydrogen gas given off was then recorded at suitable intervals until no more gas was given off.
6. After the reaction was completed, the reaction mixture was discarded and the test tube with arm cleaned.
7. The learner then repeated the experiment for the 2 other temperatures of 45°C and 35°.
[bookmark: _Toc183633163]Effect of surface area method
Procedure:
1. The learner used a graduated cylinder to transfer 20ml of the1 mole HCl at room temperature into the test tube with the arm.
2. The Mg powder was then added to the HCl, the bung put back and the stopwatch started.
3. The volume of Hydrogen gas given off was then recorded at suitable intervals until no more gas was given off.
4. After the reaction was completed, the reaction mixture was discarded and the test tube with arm cleaned.



[bookmark: _Toc183633164]Appendix B –Results calculations 
Below are the calculations used for the results in table 1, 2 and 3 using equation 3.
[bookmark: _Toc183633165]Concentration of HCl
	T=0
	1 mole

	

	T=0
	1.5 mole

	

	T=0
	2 mole

	

	T=1
	1 mole

	

	T=1
	1.5 mole

	

	T=1
	2 mole

	

	T=2
	1 mole

	

	T=2
	1.5 mole

	

	T=2
	2 mole

	



[bookmark: _Toc183633166]Temperature of Reaction
	T=0
	23.8°C

	

	T=0
	35°C

	

	T=0
	45°C

	

	T=0
	55°C

	

	T=1
	23.8°C

	

	T=1
	35°C

	

	T=1
	45°C

	

	T=1
	55°C

	

	T=2
	23.8°C

	

	T=2
	35°C

	

	T=2 
	45°C

	

	T=2
	55°C

	



[bookmark: _Toc183633167]Surface area of Mg.
	T=0
	Solid Ribbon

	

	T=0
	Powder

	

	T=1
	Solid Ribbon

	

	T=1
	Powder

	

	T=2
	Solid Ribbon

	

	T=2
	Powder

	





[bookmark: _Toc183633168]Appendix C –Experiment hand out results table.
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1.0M HCl Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	7	14	33	45	53	60	66	71	73	73	73	73	1.5M HCl Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	23	38	46	55	57	57	58	58	59	59	2.0M HCl Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	37	57	64	68	73	77	81	84	84	84	Time (s)


Gas Generation (cm3)




1.5M HCl Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	23	38	46	55	57	57	58	58	59	59	1.0M HCl Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	7	14	33	45	53	60	66	71	73	73	73	73	2.0M HCl Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	37	57	64	68	73	77	81	84	84	84	Time (s)


H2 Gas Generation (cm3)




2.0M HCl Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	37	57	64	68	73	77	81	84	84	84	1.0M HCl Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	7	14	33	45	53	60	66	71	73	73	73	73	1.5M HCl Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	23	38	46	55	57	57	58	58	59	59	Time (s)


 H2 Gas Generation (cm3)




T1 = 23.8C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	7	14	33	45	53	60	66	71	73	73	73	73	T2 = 35C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	405	420	435	450	465	0	8	14	17	22	25	30	35	39	43	47	50	53	55	58	60	62	64	66	68	70	71	73	74	75	76	77	79	79	79	79	79	80	T3 = 45C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	405	420	0	9	19	25	31	35	40	45	49	53	56	60	62	65	68	70	73	75	76	78	80	81	83	83.5	84	84	85	85	85	85	85	T3 = 55C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	0	13	22	30	35	40	45	50	54	58	62	65	67	70	72	75	77	78	80	80	82	82	82	82	Time (s)


Gas Generation (cm3)




T1 = 23.8C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	7	14	33	45	53	60	66	71	73	73	73	73	T2 = 35C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	405	420	435	450	465	0	8	14	17	22	25	30	35	39	43	47	50	53	55	58	60	62	64	66	68	70	71	73	74	75	76	77	79	79	79	79	79	80	T3 = 45C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	405	420	0	9	19	25	31	35	40	45	49	53	56	60	62	65	68	70	73	75	76	78	80	81	83	83.5	84	84	85	85	85	85	85	T3 = 55C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	0	13	22	30	35	40	45	50	54	58	62	65	67	70	72	75	77	78	80	80	82	82	82	82	Time (s)


Gas Generation (cm3)




T2 = 35C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	405	420	435	450	465	0	8	14	17	22	25	30	35	39	43	47	50	53	55	58	60	62	64	66	68	70	71	73	74	75	76	77	79	79	79	79	79	80	T1 = 23.8C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	7	14	33	45	53	60	66	71	73	73	73	73	T3 = 45C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	405	420	0	9	19	25	31	35	40	45	49	53	56	60	62	65	68	70	73	75	76	78	80	81	83	83.5	84	84	85	85	85	85	85	T3 = 55C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	0	13	22	30	35	40	45	50	54	58	62	65	67	70	72	75	77	78	80	80	82	82	82	82	Time (s)


Gas Generation (cm3)




T3 = 45C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	405	420	0	9	19	25	31	35	40	45	49	53	56	60	62	65	68	70	73	75	76	78	80	81	83	83.5	84	84	85	85	85	85	85	T1 = 23.8C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	7	14	33	45	53	60	66	71	73	73	73	73	T2 = 35C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	405	420	435	450	465	0	8	14	17	22	25	30	35	39	43	47	50	53	55	58	60	62	64	66	68	70	71	73	74	75	76	77	79	79	79	79	79	80	T3 = 55C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	0	13	22	30	35	40	45	50	54	58	62	65	67	70	72	75	77	78	80	80	82	82	82	82	Time (s)


Gas Generation (cm3)




T3 = 55C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	0	13	22	30	35	40	45	50	54	58	62	65	67	70	72	75	77	78	80	80	82	82	82	82	T1 = 23.8C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	7	14	33	45	53	60	66	71	73	73	73	73	T2 = 35C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	405	420	435	450	465	0	8	14	17	22	25	30	35	39	43	47	50	53	55	58	60	62	64	66	68	70	71	73	74	75	76	77	79	79	79	79	79	80	T3 = 45C Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	405	420	0	9	19	25	31	35	40	45	49	53	56	60	62	65	68	70	73	75	76	78	80	81	83	83.5	84	84	85	85	85	85	85	Time (s)


Gas Generation (cm3)




Magnesium strip	0	10	20	30	40	50	60	75	90	105	120	135	150	0	7	14	33	45	53	60	66	71	73	73	73	73	Magnesium powder	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	0	15	27	36	43	50	54	61	65	69	72	74	76	77	79	80	80	80	81	81	81	81	81	81	81	81	81	81	81	Time (s)


Gas Generation (cm3)




Magnesium strip	0	10	20	30	40	50	60	75	90	105	120	135	150	0	7	14	33	45	53	60	66	71	73	73	73	73	Magnesium powder	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	0	15	27	36	43	50	54	61	65	69	72	74	76	77	79	80	80	80	81	81	81	81	81	81	81	81	81	81	81	Time (s)


Gas Generation (cm3)




Magnesium powder	0	10	20	30	40	50	60	75	90	105	120	135	150	165	180	195	210	225	240	255	270	285	300	315	330	345	360	375	390	0	15	27	36	43	50	54	61	65	69	72	74	76	77	79	80	80	80	81	81	81	81	81	81	81	81	81	81	81	Magnesium strip	0	10	20	30	40	50	60	75	90	105	120	135	150	0	7	14	33	45	53	60	66	71	73	73	73	73	Time (s)


Gas Generation (cm3)




1.0M HCl Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	7	14	33	45	53	60	66	71	73	73	73	73	1.5M HCl Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	23	38	46	55	57	57	58	58	59	59	2.0M HCl Mg Ribbon	0	10	20	30	40	50	60	75	90	105	120	135	150	0	37	57	64	68	73	77	81	84	84	84	Time (s)


H2 Gas Generation (cm3)
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1. Effect of temperature on speed of H; gas evolution
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