


[image: ]

Lab Report – Rate of Reaction

[image: University of Wales Trinity Saint David in The United Kingdom : Reviews ...]

Tegan Ingram

University of Wales Trinity Saint David
Ordinance, Munitions and Explosives Engineering



Supervisor:  Dr Ewa Kazimierska
April 2024

Table of Contents
List of Tables & Figures	2
Introduction	3
Results	3
Discussion	11
Conclusion	12
Bibliography	12
Appendix	12

[bookmark: _Toc166654859]List of Tables & Figures
Table 1	3
Figure 1- 1.0M	4
Table 2	4
Figure 2- 1.5M	4
Table 3	5
Figure 3 – 2.0M	5
Figure 4- Change in concentration graph	6
Table 4	6
Figure 5- 25°C	7
Table 5	7
Figure 6- 35°C	7
Table 6	8
Figure 7- 48°C	8
Table 7	8
Figure 8- 60°C	9
Figure 9- Change in temperature graph	9
Table 8	10
Figure 10 – Magnesium turnings	10
Table 9	10
Figure 11- Magnesium strip	11
Figure 12- Change in surface area graph	11


[bookmark: _Toc166654860]Introduction
Rate of reaction is the “rate at which the reactants of a chemical reaction form the products” [1]. This experiment is to investigate how certain factors affect the rate of reaction. In experiment 1 the effect of concentration is investigated. A hypothesis for this reaction is that doubling the concentration will double the rate. The independent variable is the concentration of HCl, the dependent variable is the rate of reaction, and the control variable is the speed at which the bung is placed, the person reading the gas syringe, the weight of magnesium, the volume of reactants. In experiment 2 the effect of temperature is measured. A hypothesis for this is that rate increases proportionally to temperature change. The independent variable is the temperature of HCl, the dependent variable is the rate or reaction and the control variables are the same as experiment 1. Experiment 3 is used to measure the effect that surface area has on rate of reaction. A hypothesis for this would be that powdered reactants react faster than solid. The independent variable is the surface area of the magnesium, the dependent variable is the rate of reaction and the control variable is the same as the previous. The equations to be used within the report are “gradient= rate” where “gradient = change in Y/change in X”.
[bookmark: _Toc166654861]Results
Effect of concentration on rate of reaction:
	1.0M HCl

	 Time, s
	V H2, ml

	0
	0

	20
	27

	40
	37

	60
	49

	80
	57

	100
	63

	120
	66

	140
	68

	160
	70

	180
	82

	200
	85

	220
	86

	240
	88

	260
	90

	280
	90
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	1.5M HCl

	Time, s
	V H2, ml

	0
	0

	20
	40

	40
	56

	60
	65

	80
	72

	100
	77

	120
	79

	140
	79
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	2.0M HCl

	Time, s
	V H2, ml

	0
	0

	20
	24

	40
	40

	60
	55

	80
	66

	100
	73

	120
	75

	140
	77

	160
	79

	180
	80

	200
	80
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The three concentrations can be compared using the following scatter graph-

[bookmark: _Toc166654825]Figure 4
Rate 1.0M= 27/20=1.35 ml s-1
Rate of 1.5M= 40/20=2 ml s-1 
Rate of 2.0M= 24/20 = 1.2 ml s-1
No correlation to say that increasing concentration will increase rate of reaction.
Effect of temperature on rate of reaction:
	25°C

	 Time, s
	V H2, ml

	0
	0

	20
	27

	40
	37

	60
	49

	80
	57

	100
	63

	120
	66

	140
	68

	160
	70

	180
	82

	200
	85

	220
	86

	240
	88

	260
	90

	280
	90
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	35°C

	 Time, s
	V H2, ml

	0
	0

	20
	29

	40
	45

	60
	59

	80
	68

	100
	72

	120
	74

	140
	75

	160
	76

	180
	76
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	48°C

	 Time, s
	V H2, ml

	0
	0

	20
	19

	40
	30

	60
	39

	80
	45

	100
	54

	120
	59

	140
	64

	160
	67

	180
	70

	200
	72

	220
	73

	240
	73
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	60°C

	 Time, s
	V H2, ml

	0
	0

	20
	29

	40
	43

	60
	51

	80
	59

	100
	65

	120
	68

	140
	71

	160
	73

	180
	76

	200
	79

	220
	79
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[bookmark: _Toc166654833]Figure 8
All four temperatures can be compared using the following graph

[bookmark: _Toc166654834]Figure 9
Rate 25°C = 27/20 = 1.35 ml s-1
Rate 35°C = 29/20 = 1.45 ml s-1
Rate 48°C = 19/20 = 0.95 ml s-1
Rate 60°C = 29/20 = 1.45 ml s-1
Regarding 48°C as an anomalous results, a slight correlation between increasing temperature and increasing rate of reaction can be seen.
Effect of surface area on rate of reaction:
	Magnesium Turnings

	 Time, s
	V H2, ml

	0
	0

	20
	17

	40
	27

	60
	36

	80
	43

	100
	49

	120
	53

	140
	57

	160
	59

	180
	61

	200
	63

	220
	63
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[bookmark: _Toc166654836]Figure 10 
	Magnesium Strip

	 Time, s
	V H2, ml

	0
	0

	20
	27

	40
	37

	60
	49

	80
	57

	100
	63

	120
	66

	140
	68

	160
	70

	180
	82

	200
	85

	220
	86

	240
	88

	260
	90

	280
	90
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[bookmark: _Toc166654838]Figure 11
The results comparing the two can be viewed on the graph below-

[bookmark: _Toc166654839]Figure 12
Rate magnesium turnings = 17/20 = 0.85 ml s-1
Rate magnesium strip = 27/20 = 1.35 ml s-1
[bookmark: _GoBack]These results imply that increasing surface area will decrease rate of reaction.
[bookmark: _Toc166654862]Discussion
From looking at the results it is clear that the experiment was inaccurate. In experiment 1 there is no correlation that increasing concentration will increase rate of reaction. This has to be a mistake as collision theory states that increasing concentration of a reactan, increases rate of reaction, as more reacting molecules or ions are present to form reaction products [2]. Looking at experiment 2, by regarding the results from 48°C as anomalous, a slight correlation between temperature and rate of reaction can be seen. This should have been more visible within the results as “for many reactions happening at around room temperature, the rate of reaction doubles for every 10°C rise in temperature.” [3] This indicates that rate should have doubled for every new temperature during this experiment. Temperature increases rate as it increases the energy in the molecules and thus more of the molecules collide with enough force to meet the activation energy hence increasing the rate that reaction. The results from experiment 3 suggest that increasing surface area decreases reaction time, this is in fact false. Collision theory states that “only the molecules present on the surface of the metal are able to collide” [4] so by increasing the surface area by cutting up Mg an increase in rate of reaction should have been seen.
This experiment is simple and fairly accurate. The calibrated glass equipment is more expensive than bog-standard laboratory equipment, however it is not specialised and can be used many times. One limitation of the method would be gas escaping. One of the control variables is to put the rubber bung on in the same amount of time for each of the experiments, this is not possible. It is shown in the rate graphs that rate of reaction is typically fastest in the initial stage, by not placing the bung in straight away we are losing gas at the fastest rate that we possibly could. Inconsistency in the time taken to secure the bung will create inconsistencies in the results. A possible solution for this would be to secure the bung before adding the magnesium, adding the magnesium through a smaller hole would mitigate the amount of gas lost. Another issue in this experiment was that some of the magnesium strips were extremely oxidised in comparison with the others, this would have an effect on the results as if the Mg has reacted with oxygen there is less reactant to be used up during the experiment. Another limitation was the fact that when adding magnesium turnings they got stuck at the top of the test tube so did not react, this interferes with the control variable. 
Rate of reaction is a crucial part of OME. The equation “V = kT + C shows the relationship between the rate of decomposition and temperature, where V is the volume of gas evolved, T is the temperature in °C, k is the reaction rate constant, and C is a constant for the particular explosive.” [5] Showing that decomposition of explosive about doubles with every 10°C increase. “The damage caused by an explosion depends partly on how fast the explosive reaction occurs.” [6] This means that the higher the temperature the fast the reaction and thus a more damaging of an explosion. Rate a reaction is also used to help with the storage of munitions and means that suppliers can guarantee shelf life. 
[bookmark: _Toc166654863]Conclusion
These results are not reliable. The findings contradict proven chemical facts. It cannot be said whether the hypotheses are correct due to the unreliability of the results produced. If more time was available, experiments should have been repeated and an average taken, that way any anomalous results could be disregarded and a better proven result would be produced.  
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Equipment needed: 100ml of HCl 1.0M, 35ml of HCl 2.0M, 5ml of deionised water, 7 test tubes, glass pipette, pipette filler, measuring cylinder, test tube with arm, gas syringe, rubber bung, delivery tube, clamp stand, test tube holder, stop watch, 7x 4cm magnesium strips(weighed), magnesium turnings (same mass as 1x 4cm strip of magnesium), thermometer, Bunsen Burner, correct means to light Bunsen burner (eg. gas tap and lighter) tripod, beaker, waste beaker, 100ml of H2O.
Method 1: Effect of Concentration on Rate of Reaction
· Using a glass pipette, measure out 20ml of the following concentrations of HCl- 2.0M, 1.5M, and 1.0M.
· Pour one of the HCl solutions into the test tube with arm (make note of which concentration is being used).
· If using 1.0M record temperature of the acid at this point for use in results of exp 2.
· Add magnesium ribbon and directly after put rubber bung back on and start the stopwatch.
· Record the volume of gas in the gas syringe at 20 second intervals.
· Time until no more gas is produced.
· Discard reaction mixture into waste beaker.
· Repeat for other two concentrations.

Method 2: Effect of Temperature on Rate of Reaction
· Heat some water in a beaker on a tripod over a Bunsen burner until 10°C warmer than the 20ml of 1.0M from the last experiment.
· Pipette 20ml of 1.0M HCl into 3 test tubes.
· Place first tube into water bath, wait until the HCl reaches the same temperature as the water (record temp). 
· Transfer warm water into test tube with arm, add magnesium strip and place bung on the tube.
· Take readings from the gas syringe every 20 seconds.
· Stop timing when no more gas is being given off.
· Poor waste in waste beaker.
· Repeat, increasing the temperature by 10°C for each.
Method 3: Effect of Surface Area on Rate of Reaction
· Pipette 20ml of 1.0M HCl into test tube with arm.
· Add magnesium turnings, put bung in place.
· Start stopwatch and record the volume of gas produced after every 20 seconds. 
· Record until no more gas is produced.
· Discard of reaction mixture in waste beaker.
1.0M HCl 

1.0M HCl	V H2, 	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	0	27	37	49	57	63	66	68	70	82	85	86	88	90	90	


1.5M HCl 

1.5M HCl	V H2, ml	0	20	40	60	80	100	120	140	0	40	56	65	72	77	79	79	


2.0M HCl 

2.0M HCl	V H2, ml	0	20	40	60	80	100	120	140	160	180	200	0	24	40	55	66	73	75	77	79	80	80	


Rate Of Reaction - Changing Concentration

1.0M HCl	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	0	27	37	49	57	63	66	68	70	82	85	86	88	90	90	1.5M HCl	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	0	40	56	65	72	77	79	79	79	79	79	79	79	79	79	2.0M HCl	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	0	24	40	55	66	73	75	77	79	80	80	80	80	80	80	Time, s


Volume H2, ml




25°C

1.0M HCl	V H2, 	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	0	27	37	49	57	63	66	68	70	82	85	86	88	90	90	


35°C

35°C	V H2, ml	0	20	40	60	80	100	120	140	160	180	0	29	45	59	68	72	74	75	76	76	


48°C  

48°C	V H2, 	0	20	40	60	80	100	120	140	160	180	200	220	240	0	19	30	39	45	54	59	64	67	70	72	73	73	


60°C

60°C	V H2, ml	0	20	40	60	80	100	120	140	160	180	200	220	240	0	19	30	39	45	54	59	64	67	70	72	73	73	


Rate of Reaction - Temperature Change

25°C	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	0	27	37	49	57	63	66	68	70	82	85	86	88	90	90	35°C	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	0	29	45	59	68	72	74	75	76	76	76	76	76	76	76	48°C	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	0	19	30	39	45	54	59	64	67	70	72	73	73	73	73	60°C	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	0	29	43	51	59	65	68	71	73	76	79	79	79	79	79	Time, s


Volume H2, ml




Magnesium Turnings 

Magnesium Turnings	V H2, ml	0	20	40	60	80	100	120	140	160	180	200	220	0	17	27	36	43	49	53	57	59	61	63	63	


Magnesium Strip

1.0M HCl	V H2, 	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	0	27	37	49	57	63	66	68	70	82	85	86	88	90	90	


Rate of Reaction - Change in Surface Area

Magnesium Turnings	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	0	17	27	36	43	49	53	57	59	61	63	63	63	63	63	Magnesium Strip	0	20	40	60	80	100	120	140	160	180	200	220	240	260	280	0	27	37	49	57	63	66	68	70	82	85	86	88	90	90	Time, s


Volume H2, ml
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