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[bookmark: _Toc183519262]Introduction

This report sets out the experimental procedure and resulting determination of the rates of reaction between Magnesium and Hydrochloric Acid in various concentrations under defined conditions. The aim of the experiment is to show that rates of chemical reaction can be affected by a number of variables, some of which will be explored herein.
To adequately determine the effects of rates of reaction, the experimental design in Annex A was followed. Rates of Reaction can be affected by a multitude of variables, some of which will be explored in this report. Specifically, two variables will be explored, namely the effect of temperature and of particle size, or surface area. With more energy applied to the reaction or the increase in surface area for greater interaction between molecules, it is believed that the rate of reaction will increase. 

[bookmark: _Toc183519263]Theory and Background Information

Rates of reaction is a fundamental concept in science, specifically chemistry and it involves the measurement of how quickly reactants are transformed to products within a chemical reaction. The speed of reaction can be broadly broken down into three speeds, slow, medium, and fast. Slow rates of reaction can be described as reactions found in nature like erosion of sedimentary rock or the rusting of metal. Medium rates of reaction could be considered by a combustion reaction of burning wood, and fast rates of reaction can be seen in molecular explosive materials. Rates of reaction a commonly expressed by a change of concentration of the reactants within the reaction with respect to a unit of time, relevant to the speed for example. Years for slow rates, minutes or hours for medium and seconds for fast rates.
In the current study, various solutions of hydrochloric acid will be reacted with magnesium in different forms to compare how each react under given scenarios. The balanced equation for the reaction is given as follows;


Equation 1 - Balanced equation for reactions


The elements used in the experiment are taken from the full collection that is currently known to us [1] and represented in Figure 1 below;[image: ]


[bookmark: _Ref169777298][bookmark: _Toc183519280]Figure 1 – The Periodic Table.
The area of interest from Figure 1 are that of the metals, in period two, namely magnesium. [image: ]

[bookmark: _Toc183519281]Figure 2 – Physical properties of Magnesium.
For the purpose of this report, where the experiment duration is expected to be completed within minutes rates of reaction will be given in seconds by the equation; 


Equation 2 - Determination of reaction rate
 	Where: 
	ΔV - delta change in Volume of gas (cm3)
	Δt – delta change in time (s)
	Y – y coordinate of plot
	X – x coordinate of plot


The rate of any reaction can be affected by a multitude of variables, however only three will be investigated in this study. These variables under investigation here are;
· The concentration of the hydrochloric acid
· The temperature of the hydrochloric acid and
· The surface area of the magnesium
Each of the variables are dictated by collision theory [2], or rather the speed of interaction of the molecules at the atomic level. It is expected that by increasing the associated energy within the reaction (e.g. increase in temperature or concentration) the comparable rates will increase. Similarly, by increasing the surface area of the reactant (or conversely reducing the particle size) it is also expected that the observed rate will increase.
Rates of reaction can be characterised by their effect of the reactants. For reactants in solution, the rate constant is affected by concentration and can be divided into three categories. 
· 0th Order – Reactions of this nature mean that if the quantity of reactants were to be doubled, the subsequent rate would not be affected have a gradient of 0.
· 1st Order. Reactions of this nature mean that if the quantity of the reactants were to be doubled, the observed rate would also double and would have a linear increase. 
· 2nd Order - Reactions of this nature mean that if the quantity of the reactants were to be doubled, then the observed rate would increase by a factor of 4.
All experimental trials were conducted as a group exercise, the group consisting of the Author, A. Clarke & S. Deane



[bookmark: _Toc183519264]Results
[bookmark: _Toc183519265]Results for Rates of Reaction versus Molar Concentration

A total of three experimental runs were performed to the plan set out in Annex 5. The first variable investigated the effect of increasing molar concentration of Hydrochloric acid, whilst maintaining all other variables as far as was possible. The results are detailed below;

[bookmark: _Toc183519282]Figure 3 - Effect of Concentration
For each molar concentration that was tested, the gradient of hydrogen gas generation was analysed at three time points. First at T0, at the point where the rate is at its greatest or the instantaneous rate, then T1 at 50% of the reaction duration and finally at the end point of the reaction, T3, where the reaction has run to completion. 
	Gradient Point
	Molar Concentration and Hydrogen Generation (cm3.s-1)

	
	1.0M
	1.5M
	2.0M

	T0
	0.70
	2.3
	3.7

	T1
	0.88
	0.95
	1.28

	T2
	0.70
	0.56
	0.93


[bookmark: _Toc183519293]Table 1 - Rates of gas generation vs Concentration


[bookmark: _Toc183519266]Results for Rates of Reaction versus Temperature

The second experimental set up amended the variable from molar concentration to changes of temperature. The results are detailed below;

[bookmark: _Toc183519283]Figure 4 - Effect of Temperature
For each temperature that was tested, the gradient of hydrogen gas generation was analysed at three time points. First at T0, at the point where the rate is at its greatest or the instantaneous rate, then T1 at 50% of the reaction duration and finally at the end point of the reaction, T3, where the reaction has run to completion. 
	Gradient Point
	Temperature and Hydrogen Generation (cm3.s-1)

	
	35°C
	45°C
	55°C

	T0
	0.8
	0.9
	1.3

	T1
	0.28
	0.39
	0.48

	T2
	0.17
	0.24
	0.30


[bookmark: _Toc183519294]Table 2 - Rates of gas generation vs Temperature


[bookmark: _Toc183519267]Results for Rates of Reaction versus Surface Area

The third experimental set up amended the variable from temperature to change of surface area of the reactant. The results are detailed below;

[bookmark: _Toc183519284]Figure 5 - Effect of Surface Area
For each temperature that was tested, the gradient of hydrogen gas generation was analysed at three time points. First at T0, at the point where the rate is at its greatest or the instantaneous rate, then T1 at 50% of the reaction duration and finally at the end point of the reaction, T3, where the reaction has run to completion. 
	Gradient Point
	Hydrogen Generation (cm3.s-1)

	T0
	1.50

	T1
	0.60

	T2
	0.34


[bookmark: _Toc183519295]Table 3 - Rates of surface area vs Temperature


[bookmark: _Toc183519268]Duration of Reactions

The duration of each reaction was timed based on no visible evidence of hydrogen gas generation from the magnesium samples being further generated. From these observations, calculations were undertaken to determine the instantaneous rate, the rate of reaction at the mid-point of the reaction and finally the average rate of the whole reaction. 
To do this, Equation 2 was utilised for each data point for each experiment, giving the data in Tables 1 – 3. An example of the calculations is given in Equation 3 for the instantaneous rate of the 1.0M concentration at ambient temperature.


Equation 3 - Example calculation for rates of reaction.


[bookmark: _Toc183519269]Discussion
[bookmark: _Ref172534016][bookmark: _Toc183519270]Interpretation

There were several errors involved during the testing phase across the various experiments, all of which were down to human error. Specifically, during the 1.0M HCl the quantity of hydrogen generation was misread on the scale of the gas syringe giving the different shape to the upward curve observed in the other experiments. Similar human error occurred in the next sequential experiment using the 1.5M solution whereby the magnesium ribbon was not completely submerged. This was not immediately observed and once rectified meant that the total gas generation was much lower than the other experiments.
Figure 6 - Overview of Experimental Data[image: ]

The students were assured before performing the experiment that the magnesium ribbon and powdered samples supplied were an average of 0.0895g. Although this was not independently verified, meaning any variation in the mass of Magnesium would lead to changes in the amount of gas generated. These differences can be clearly seen in Figure 6 with peak volumes fluctuating between the tests.
In broad terms, changing a variable did follow the expectation that observed rates of reaction would increase. By increasing the molar concentration of the HCl solution, the instantaneous rates increased from 0.7 cm3.s-1 to 3.7 cm3.s-1. Similarly, the average of the duration of the experiment increased from 0.70 cm3.s-1 to 0.93 cm3.s-1 as can be seen in Table 1.
In Experiment 2 where temperature was the variable under investigation, Figure 6 again shows the rates increasing with increased temperature, this is seen as the slope of the curves at the beginning of reaction get steeper and the curve shifts to the left of the graph. Instantaneous rates increased from 0.8 cm3.s-1 to 1.3 cm3.s-1 and the average rates increased from 0.17 cm3.s-1 to 0.30 cm3.s-1 as shown in Figure 2.
In the final experiment where the surface area of the magnesium was the variable, the instantaneous rate was seen to be 1.50 cm3.s-1 and the average of the entire reaction was             0.34 cm3.s-1 shown in the table 3. In comparison the first experiment at ambient temperature using a single strip of magnesium, the instantaneous rate has over doubled that of the former at 0.7 cm3.s-1. Expectation of this comparison on surface area would suggest that the increase in surface area would lead to a quicker rate and quicker completion of the reaction, unfortunately that was not observed and believed to be due to the experimental errors described previously. 
In an ideal scenario, the experiments conducted within this report would have taken place in a sealed system to allow reduction in errors, namely loss of liberated hydrogen gas. Further controls in accuracy of mass added and purity of the magnesium would also be beneficial.
[bookmark: _Ref172536608][bookmark: _Toc183519271]Relevance to OME

The use of rates of reaction is an important parameter in world of OME. It is particularly useful in the use of Rocket Motors [3, 4, 5, 6} as the rates of reaction of the propellant mixtures directly influences the amount of high temperature gas that is produced and therefore the amount of thrust generated in accordance with Newtons’ Third Law. For rocket motors that use liquid-based propellants, the variables considered in this report are of particular interest, as these mixtures can be adjusted to suit specific applications.
Double base propellants are also used in small arm calibres and are heavily influenced by their particle size distribution [4] (known as grain size). Changes in grain size affect the rate of hot gas generation in a gun barrel, which can lead to excessive temperatures in the barrel reducing the overall lifespan of the equipment. This deterioration can be mitigated with the addition of additives, which may perform more than one function. An example of such an additive is Carbamite, which can be used as a stabiliser, plasticiser and surface coolant based on proposed application.  
[bookmark: _Toc183519272]Conclusions

The laboratory experiments have been a useful tool and experience for Author to better relate the chemistry and mathematics of rates of reaction in a real-world context. With a greater attention to detail and care from the Author the levels of experimental error in the first and second experiments would have been reduced and given better correlation to the hypothesis outlined in the introduction. It would be of a benefit to repeat this experimental procedure in the future with these observations in mind and compare to the figures and findings obtained in this study. 
Understanding rates of reaction of a given material and how that can be used functionally to better form a product to function reliably and safely has been of great benefit. Reference 4 has been a great source of how this principle has been used across industry. 


[bookmark: _Toc183519273]Annex A
[bookmark: _Toc183519274]List of equipment utilised in current study.

Below is a list of the apparatus to be used in the laboratory experiment, it is also represented in Figure 4
· Gas Syringe
· Long test tube with arm
· Rubber bung and delivery unit to fir test tube
· 2 Large beakers for water bath and rection mixture waste
· Pipette and pipette filler
· 2 Clamp stands
· Test tuber holder & 6 test tubes
· Graduated cylinder
· Digital thermometer
· Ring stand & Bunsen Burner

Chemicals to be used during experimentation;
· Magnesium ribbon (approx. 4cm length)
· Magnesium powder (same mass as ribbon)
· Hydrochloric Acid (1.0M, 1.5M & 2.0M)
· Deionised water

[bookmark: _Ref172095878][bookmark: _Toc183519275]Experimental Procedure.

In this experiment, the effects on rates of reaction have been broken down to the following measurements:
· Experiment 1 – Effect of concentration 
· Experiment 2 – Effect of temperature
· Experiment 3 – Effect of surface area


[bookmark: _Toc183519276]Experimental Procedure
Effect of concentration on the speed of Hydrogen Gas evolution

Initially, three 20.0mL solutions of hydrochloric acid were prepared from 2.0 Mol stock. A sample of 20mL of 2.0 Mol, and dilutions of 1.5Mol and 1.0 Mol with deionised water via pipette were prepared.
The lowest concentration is added to the test tube fitted with the arm and temperature of the liquid recorded. A 4cm strip of magnesium ribbon is added to the test tube and quickly stoppered with a bung, and stopwatch started. The level of gas evolution Is recorded at appropriate intervals which was continued until the volume of gas in the syringe no longer increased. Upon completion, the reacted mixture was discarded and equipment cleaned. 
This was then repeated for the remaining concentrations of hydrochloric acid.
[image: ]

[bookmark: _Toc183519286]Figure 7 - Apparatus used to perform rate of reaction measurements.
Effect of temperature on the speed of hydrogen gas evolution

A water bath was prepared by heating water in a large beaker over a Bunsen burner until the water was heated to approximately 10°C above that of the 1.0 Mol experiment. 20mL of 1.0 Mol stock solution was transferred to three separate test tubes. The first test tube was added to the water bath and given time to equilibrate with the surrounding mixture. Upon equilibrium the solution was transferred to the test tube containing the arm, a ribbon of magnesium was added and quickly stoppered as previous experiment with the gas evolution recorded at  sensible intervals. Upon completion of the reaction, the waste was removed and the equipment cleaned. The experimental setup was repeated a further two times at temperature intervals of 10°C above the previous incarnation.
Effect of surface area of powdered magnesium on speed of hydrogen gas evolutoin 

A 20.0mL of 1.0 Mol hydrochloric acid at room temperature was transferred to the test tube fitted with the arm. The powdered magnesium was transferred to the test tube and quickly stoppered with the bung and syringe monitored for gas evolution. This continued until no visible reaction continued to occur. On completion the reactant mixture was discarded and equipment cleaned. 
[bookmark: _Ref172035518][bookmark: _Toc183519277]Scans of Laboratory Data Sheet
[image: ]

[bookmark: _Toc183519287]Figure 8 – Effect of Concentration Laboratory Data


Figure 9 - Effect of Temperature Laboratory Data[image: ]



[bookmark: _Toc183519289]Figure 10 - Effect of Surface Area Laboratory Data[image: ]
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[bookmark: _Toc183519290]Figure 11 – Experiment 1 Graph[image: ]



[bookmark: _Toc183519291]Figure 12 – Experiment 2 Graph
[image: ]

[bookmark: _Toc183519292]Figure 13 – Experiment 3 Graph[image: ]
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Experiment 2 - Effect of Temperature on Gas Evolution
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Experiment 3 - Effect of Surface Area on Gas Evolution
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Experiment 3 - Effect of Surface Area on Gas Evolution

T = 23.8C Powdered Magnesium	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)




image2.png
Magnesium

e e M g
Origin of the name | The name is derived from Magnesia, a district of Easter Thessaly in Greece. Magnestum

Allotropes

Fact box

Group.
Period

Block

‘Atomic number

State at 20°C

Electron configuration

12

Solid

Ne] 352

Melting point
Boiling point

Density (g cm™)
Relative atomic mass
Key isotopes

CAS number

n 24305

650°C, 1202°F, 923 K

1080°C, 1904°F, 1363 K
174

24305

Mg

7439.954




image20.png
Magnesium

e e M g
Origin of the name | The name is derived from Magnesia, a district of Easter Thessaly in Greece. Magnestum

Allotropes

Fact box

Group.
Period

Block

‘Atomic number

State at 20°C

Electron configuration

12

Solid

Ne] 352

Melting point
Boiling point

Density (g cm™)
Relative atomic mass
Key isotopes

CAS number

n 24305

650°C, 1202°F, 923 K

1080°C, 1904°F, 1363 K
174

24305

Mg

7439.954




image3.wmf
0

10

20

30

40

50

60

70

80

90

0

50

100

150

200

250

300

350

400

G

a

s

 

G

e

n

e

r

a

t

i

o

n

 

(

c

m

3

)

Time (s)

Experimental Data Overview for HCL & Magnesium Reactions

1.0M Ribbon

1.5M - Ribbon

2.0M - Ribbon

35°C - Ribbon

45°C - Ribbon

55°C - Ribbon

Ambient - Powder


image30.wmf
0

10

20

30

40

50

60

70

80

90

0

50

100

150

200

250

300

350

400

G

a

s

 

G

e

n

e

r

a

t

i

o

n

 

(

c

m

3

)

Time (s)

Experimental Data Overview for HCL & Magnesium Reactions

1.0M Ribbon

1.5M - Ribbon

2.0M - Ribbon

35°C - Ribbon

45°C - Ribbon

55°C - Ribbon

Ambient - Powder


image4.png
HCI





image40.png
HCI





image5.png
1. Effect of concentration of HCl on speed of H; gas evolution:

1.0 M HCI
13 C‘ 1.5 M HCI 2.0 M HCI
Ti=..d S W
time, s | VH2, m | time, s | VH2, mL time, s | VH2,mL
w3 o |13 1o |3
20 | ik w | 3% 2> | S
2o | 3% 2o | Lb <o | Gk
w0 | LS o | ss wo | 6%
so | S3 s> | S5% so |
5 | Ao & | S* &> | 33
3S | 46 1S | S¥ 3s | sl
ao | 7\ ao | S% ao | sk
ws |33 S | S6 WS | B
\zo | 13 120 | S& 1o | 3K
\36 | 2%
1so | 43
instantaneous rate at
ime to dissolve average rate te,
[HCl) time t Mg ge rate [$ . =M
Tom \so ©-S\0.39 3
15M \os o3¢ =
20m 4o e 43 37

Cpeamants KA -

Crpermend BT~

Seds veod eror o m\}\u\
AN~ Suck Yo S e\ Aﬁ-@é& [

ooty el Yo Ao reecking.




image50.png
1. Effect of concentration of HCl on speed of H; gas evolution:

1.0 M HCI
13 C‘ 1.5 M HCI 2.0 M HCI
Ti=..d S W
time, s | VH2, m | time, s | VH2, mL time, s | VH2,mL
w3 o |13 1o |3
20 | ik w | 3% 2> | S
2o | 3% 2o | Lb <o | Gk
w0 | LS o | ss wo | 6%
so | S3 s> | S5% so |
5 | Ao & | S* &> | 33
3S | 46 1S | S¥ 3s | sl
ao | 7\ ao | S% ao | sk
ws |33 S | S6 WS | B
\zo | 13 120 | S& 1o | 3K
\36 | 2%
1so | 43
instantaneous rate at
ime to dissolve average rate te,
[HCl) time t Mg ge rate [$ . =M
Tom \so ©-S\0.39 3
15M \os o3¢ =
20m 4o e 43 37

Cpeamants KA -

Crpermend BT~

Seds veod eror o m\}\u\
AN~ Suck Yo S e\ Aﬁ-@é& [

ooty el Yo Ao reecking.




image6.png
I1. Effect of temperature on speed of H; gas evolution

< 3 55 =
T3=.. LS i Ta= s T
2%s 2
time,s | VH2, mL time,s | VH2, mL time,s | VH2, mL Jom «z
17 o 12 |13 s F
e bt 20 LN 725 | 2
32> \u 30 | S 2> |30
teo | 13+ wo |3\ “o | 35
so | 22 so s sSo | Lo
6> |1S 6o | ko GO | kg
s |30 s | &S ?s | so
ao | 3S ad LSy D | St
vos | 3a 1S | S3 oS | s¢
V20 | L o | S6 no | 62
135 | Ly 13S | 6O 12S | 6S
\s2 | SO tso | 62 1So | 63
165 | S3 les | (S 18s |
\go | SS %o | 6% 16D | 22
us | s¢ %S | do 195 | #S
2o | b> 20 | 33 o |2+
22S | (2 225 | S 225 | I
245 bk wo ¢ W0 o
HZk BB R
255 = 270  wn
305 3 s sl
instantaneous rate
temperature time n:w‘:ss"lve average rate at
t=
. 23 % | 'S© o 3
T2 3S Lés 0132 ¥
13- LS L2o 9.234 N
14- SS s 2,32 13
- C ey <
us 33 L3s Ls'C 302 53 LoS %5
e S0 2k ks> 34 [ 7 WS €3.5 Lo €S
23S HS s O 33> g
30 G 3L <Ly
332S 3 260 S 5
e i 3 €S
LeO!
L2o A 0 €S




image60.png
I1. Effect of temperature on speed of H; gas evolution

< 3 55 =
T3=.. LS i Ta= s T
2%s 2
time,s | VH2, mL time,s | VH2, mL time,s | VH2, mL Jom «z
17 o 12 |13 s F
e bt 20 LN 725 | 2
32> \u 30 | S 2> |30
teo | 13+ wo |3\ “o | 35
so | 22 so s sSo | Lo
6> |1S 6o | ko GO | kg
s |30 s | &S ?s | so
ao | 3S ad LSy D | St
vos | 3a 1S | S3 oS | s¢
V20 | L o | S6 no | 62
135 | Ly 13S | 6O 12S | 6S
\s2 | SO tso | 62 1So | 63
165 | S3 les | (S 18s |
\go | SS %o | 6% 16D | 22
us | s¢ %S | do 195 | #S
2o | b> 20 | 33 o |2+
22S | (2 225 | S 225 | I
245 bk wo ¢ W0 o
HZk BB R
255 = 270  wn
305 3 s sl
instantaneous rate
temperature time n:w‘:ss"lve average rate at
t=
. 23 % | 'S© o 3
T2 3S Lés 0132 ¥
13- LS L2o 9.234 N
14- SS s 2,32 13
- C ey <
us 33 L3s Ls'C 302 53 LoS %5
e S0 2k ks> 34 [ 7 WS €3.5 Lo €S
23S HS s O 33> g
30 G 3L <Ly
332S 3 260 S 5
e i 3 €S
LeO!
L2o A 0 €S




image7.png
I, Effect of the surface area of Mg on speed of H: gas evolution
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I, Effect of the surface area of Mg on speed of H: gas evolution
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