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1. [bookmark: _Toc167366984]Introduction
a. [bookmark: _Toc167366985]Purpose of the experiment
Determine the effect of concentration, temperature, and surface area on the rate of reaction.
b. [bookmark: _Toc167366986]Hypothesis
Increasing the concentration of HCl, the temperature at which the reaction takes place, and the surface area of the magnesium will increase the rate of reaction.
c. [bookmark: _Toc167366987]Variables, terms, and equations
The dependent variable measured in each experiment was the volume of H2 gas produced. The control experiment was done at room temperature (25°C) with 20 mL of hydrochloric acid at 1M concentration reacting with 0.0880 g of magnesium ribbon. 
In the first round of experiments, the independent variable was the molar concentration of hydrochloric acid. In the second round of experiments, the independent variable was the temperature at which the hydrochloric acid was measured at, and that the reaction occurred at. For the final experiment, the independent variable was the surface are of the magnesium taking part in the reaction, by swapping out the ribbon for filings of an equal combined mass.

	Arrhenius Equation
	

	Rate of gas released
	




2. [bookmark: _Toc167366988]Results
a. [bookmark: _Toc167366989]Experimental data
Table 1. Rate of reaction between 20 mL of HCl and Mg ribbon at room temperature with change in molar concentration of HCl.


Table 2. Mass of magnesium ribbon at room temperature for change in molar concentration
	1.0 M HCl
	1.5 M HCl
	2.0 M Hcl

	0.0880 g
	0.0941 g
	0.0838 g



Graph 1. Rate of reaction between 20 mL of HCl and Mg ribbon at room temperature with change in molar concentration of HCl.

Table 3. Rate of reaction between 20 mL of 1 M HCl and Mg ribbon with change in temperature.


Table 4. Mass of magnesium ribbon at 1M HCl with change in temperature
	35 °C
	45 °C
	55 °C

	0.0770 g
	0.0879 g
	0.0794 g



Graph 2. Rate of reaction between 20 mL of 1 M HCl and Mg ribbon with change in temperature.

Table 5.  Rate of reaction between 20 mL of 1 M HCl and Mg filings.


Table 6. Mass of magnesium filings
	Magnesium Filings

	0.0880 g



Graph 3. Rate of reaction with change in Surface Area.

Graph 4. Rate of reaction for each independent variable

b. [bookmark: _Toc167366990]Key findings
Average rate of reaction, in mLs-1, when changing concentration.
	Time (s)
	1.0 M HCl
	1.5 M HCl
	2.0 M HCl

	80
	0.8125
	0.9875
	1.0125

	120
	0.6083
	0.7250
	0.6750

	140
	0.5357
	0.6500
	0.5786

	160
	0.4813
	0.5688
	0.5063



T=80, T=140, and T=160 were chosen as they mark the end of reactions for 2.0 M HCl, 1.5 M HCl, and 1.0 M HCl respectively. T=120 is the median of these points and gives the most average rate across the three concentrations. Since 2.0 M HCl reaches a finished reaction twice as fast as 1.0 M HCl, no volume of H2 gas is being produced during the second half of the experiment and would vastly skew the perceived rate of reaction.
Average rate of reaction, in mLs-1, when changing temperature.
	Time (s)
	25 °C
	35 °C
	45 °C
	55 °C

	100
	0.7200
	0.7100
	0.7700
	0.5700

	140
	0.5357
	0.5286
	0.5714
	0.4071

	160
	0.4813
	0.4688
	0.5000
	0.3563

	180
	0.4278
	0.4222
	0.4444
	0.3166



T=100, T=140, T=160, and T=180 were chosen as they mark the end of reaction for 55°C, 45 °C, 25°C, and 35 °C respectively. T=160 is a common point of calculation across the experiments as it is the control.
Average rate of reaction, in mLs-1, when changing surface area.
	Time (s)
	Ribbon
	Filings

	160
	0.4813
	0.4188

	210
	0.3667
	0.3381



T=120 marks the end of the reaction with the magnesium filings.
Instantaneous rate of reaction, in mLs-1, for each independent variable and the control
	Control
	1.5 M HCl
	2.0 M HCl
	35 °C
	45 °C
	55 °C
	Filings

	1.600
	2.800
	4.400
	1.600
	2.500
	2.000
	1.200



The rate of reaction will be greatest at the beginning of the reaction, to work out the instantaneous rate of reaction the first reading was used, at T=10.
The magnesium for the 35 °C iteration of the experiment became stuck to the side of the test tube so that only the bottom half of the ribbon was submerged and in contact with the hydrochloric acid. This would no doubt influence the rate of reaction as the mass of magnesium in the reactants would be vastly decreased in comparison to the controls.
This issue reoccurred with, and was made worse by, the magnesium filings. The smaller size and increased surface area of the fillings resulted in many becoming stuck to the wet sides of the test tube and taking no part in the reaction.



3. [bookmark: _Toc167366991]Discussion
a. [bookmark: _Toc167366992]Interpretation and significance of the results
From the results, doubling the concentration of HCl had the most impact on the speed at which the reaction took place. Change in temperature had a much lower impact on reaction rate. The reaction taking place at 35 °C had considerably similar results to the control, however at 45 °C there was a noticeable increase in reaction rate. The results of 55 °C are therefore an outlier, and if there had been more time during the session, the experiment should have been repeated. The experiment should also have been repeated for the 35°C to ensure the reaction rate wasn’t hindered by the only partially submerged magnesium sample.
The results for the surface area are inconclusive. The shrapnel did not all go into the other reactant, and that is visible in the results showing an allegedly decrease in reaction rate with an increase in surface area.
b. [bookmark: _Toc167366993]Relevance of the experiment to OME
Explosives can be very sensitive to temperature. As the temperature of the system increases, due to the Arrhenius equation, an exponentially greater number of the molecules will possess the necessary energy of activation. Primary explosives have low values for the activation energy making the more sensitive to changes in temperature [1].
Explosions work by releasing large amounts of gas in very short amount of time. Increasing the rate of reaction will increase the volume of gas produced. For every 10 °C increase in temperature, the rate of decomposition is approximately doubled [2].
c. [bookmark: _Toc167366994]Limitations of the experiment
The manual nature of the experiment results in some degree of human error. Coordinating the resealing of the test tube after adding the magnesium to the hydrochloric acid will always result in some loss of H2 gas. This loss of volume also comes at the least opportune time. At the very beginning of the reaction, when t=0, is when the most H2 gas is produced, and any time that the reactants are exposed to the outside environment allows the products to escape.



4. [bookmark: _Toc167366995]Conclusions
a. [bookmark: _Toc167366996]Summary and evaluation
In conclusion the hypothesis was proven (mostly) correct. Although there were a few outlying results we have shown that increasing the temperature and concentration does increase the rate of reaction.
Due to experimental error, the increased surface area of the filings could not conclusively be proven to increase rate of reaction.
b. [bookmark: _Toc167366997]Potential directions for future research
The experimental procedure was flawed with too many introduced human errors. The magnesium could potentially be more carefully lowered into the acid to prevent it from sticking to the side of the test tube. The surface area of the magnesium could further be increased by the use of finer magnesium powder. A more accurate result can also be achieved my having an even smaller degree of tolerance between the weights of the magnesium samples.
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5. [bookmark: _Toc167366999]Appendix: Materials and methods
a. [bookmark: _Toc167367000]Materials and equipment
· Long test tube with arm
· Gas syringe
· Rubber bung and delivery tube to fit the test tube
· Two large beakers for the water bath and reaction mixture
· Pipette and pipette filler
· Two clamp stands
· Test tube holder
· Thermometer
· Ring stand, Bunsen burner, clay triangle
· Stopwatch
· Graph paper

· Magnesium ribbon cut into 4cm length and weighed
· Magnesium turnings (same mass as ribbon)
· Hydrochloric  acid (2.0 M and 1.0 M)
· Deionised Water
b. [bookmark: _Toc167367001]Procedure
I. [bookmark: _Toc167367002]Effect of HCl concentrations on the speed of H2 gas evolution
1. Three 20.0 mL solutions of HCl were prepared with concentrations of 2.0 M (stock), 1.5 M, and 1.0 M. A pipette was used to measure appropriate volumes of the 2.0 M HCl solution and DI water.
2. The HCl solution with the lowest concentration was poured into the test tube with arm.
3. A 4 cm strip of magnesium ribbon was added to the test tube, the bung was quickly put back, and a stopwatch was started.
4. The volume of hydrogen gas was recorded at intervals of 10 seconds, until no more gas was produced.
5. The reaction mixture was discarded in the waste beaker once the reaction was completed.
6. The temperature of the 1.0 M HCl was recorded, as a control measure.
7. The experiment was repeated for the other two concentrations of HCl.
II. [bookmark: _Toc167367003]Effect of temperature on the speed of the H2 gas evolution
1. A water bath was set up by pouring water into a large beaker and heated over the Bunsen burner until the temperature of water increases by approximately 10 °C when compared to the initial temperature of 1 M HCl measured in the previous part.
2. 20 mL of 1.0 M stock solution was pipetted into three test tubes.
3. The first test tube with 1.0 M HCl was placed into the water bath until the temperature of the acid reached the temperature of the water in the water bath.
4. The warm HCl was quickly transferred into the tube with the arm, a 4 cm piece of magnesium ribbon was added, the bung put on, and the stopwatch was started.
5. The volume of hydrogen gas was recorded at intervals of 10 seconds, until no more gas was produced.
6. The reaction mixture was discarded in the waste beaker once the reaction was completed.
7. The experiment was repeated for two more temperatures.
III. [bookmark: _Toc167367004]Effect of the surface area of Mg on speed of H2 gas evolution
1. 20 mL of 1 M HCl at room temperature was transferred into the test tube with arm, using the pipette.
2. The magnesium turnings were quickly added to the test tube, the bung was put back, and the stopwatch was started.
3. The volume of hydrogen gas was recorded at intervals of 10 seconds, until no more gas was produced.
4. The reaction mixture was discarded in the waste beaker once the reaction was completed.

Rate of reaction between 20 mL of 1 M HCl and Mg ribbon with change in temperature.

25 °C 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	0	16	24	33	41	48	55	61	65	70	72	73	73	75	75	76	77	77	77	77	77	35 °C 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	0	16	30	40	48	55	62	66	69	70	71	72	73	73	74	74.5	75	75.5	76	76	76.5	45 °C 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	0	25	40	50	56	64	69	73	75	76	77	77	78.5	78.5	80	80	80	80	80	80	80	55 °C 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	0	20	31	38	45	48	52	55	55	56	57	57	57	57	57	57	57	57	57	57	57	Time (s)


Volume of H2 gas (mL)




Rate of reaction with change in Surface Area

Filings	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	12	23	28	32	38	44	49	53	56	58	60	62	64	65	66	67	68	69	70	70	71	71	71	71	71.5	Ribbon	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	16	24	33	41	48	55	61	65	70	72	73	73	75	75	76	77	77	77	77	77	77	77	77	77	77	Time (s)


Volume of H2 gas (mL)




Rate of reaction for each independent variable

Control	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	16	24	33	41	48	55	61	65	70	72	73	73	75	75	76	77	77	77	77	77	77	77	77	77	77	1.5 M HCl	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	28	45	56	62	67	71	75	79	81	84	86	87	89	91	91	91	91	91	91	91	91	91	91	91	91	2.0 M HCl	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	44	60	65	71	75	78	80	81	81	81	81	81	81	81	81	81	81	81	81	81	81	81	81	81	81	35 °C 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	16	30	40	48	55	62	66	69	70	71	72	73	73	74	74.5	75	75.5	76	76	76.5	76.5	76.5	76.5	76.5	76.5	45 °C 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	25	40	50	56	64	69	73	75	76	77	77	78.5	78.5	80	80	80	80	80	80	80	80	80	80	80	80	55 °C 	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	20	31	38	45	48	52	55	55	56	57	57	57	57	57	57	57	57	57	57	57	57	57	57	57	57	Filings	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	170	180	190	200	210	220	230	240	250	0	12	23	28	32	38	44	49	53	56	58	60	62	64	65	66	67	68	69	70	70	71	71	71	71	71.5	Time (s)


Colume of H2 gas (mL)




Rate of reaction between 20 mL of HCl and Mg ribbon at room temperature with change in molar concentration of HCl.

1.0 M HCl	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	0	16	24	33	41	48	55	61	65	70	72	73	73	75	75	76	77	1.5 M HCl	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	0	28	45	56	62	67	71	75	79	81	84	86	87	89	91	91	91	2.0 M HCl	0	10	20	30	40	50	60	70	80	90	100	110	120	130	140	150	160	0	44	60	65	71	75	78	80	81	81	81	81	81	81	81	81	81	Time (s)


Volume of H2 gas (mL)
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time (s)

35 °C  45 °C  55 °C 

0 0 0 0

10 16 25 20

20 30 40 31

30 40 50 38

40 48 56 45

50 55 64 48

60 62 69 52

70 66 73 55

80 69 75 55

90 70 76 56

100 71 77 57

110 72 77 57

120 73 78.5 57

130 73 78.5 57

140 74 80 57

150 74.5 80 57

160 75 80 57

170 75.5 80 57

180 76 80 57

190 76 80 57

Volume of H2 (mL) at
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				Volume of H2 (mL) at
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140 75 91 81
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		90		70		81		81

		100		72		84		81

		110		73		86		81

		120		73		87		81

		130		75		89		81

		140		75		91		81

		150		76		91		81

		160		77		91		81






