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Planning


Planning
Aim
To find out how the concentration of hydrochloric acid affects the rate of reaction.
What do I predict will happen?
I predict that as I increase the concentration of the acid, I will increase the rate of reaction. This can be scientifically explained using the ‘collision theory’, which states that two species can only react if their particles collide with each other. According to this theory, not all collisions may trigger a reaction; they need to collide at the correct orientation, and with enough energy for bonds to break.
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As the diagram shows, there are twice as many random-moving acid particles in the 2M acid than the 1M acid; however, both the concentrations are in the same volume of water. Therefore, there is more likelihood for the acid particles in flask 2M to collide and react with the particles of the surface of the marble – the rate of reaction is increased in a more concentrated solution.

I can take this a step further and predict that in this case, I believe that the concentration is directly proportional to the rate of reaction. It seems logical to predict this, as having double the amount of acid particles (double the concentration) in the same volume would mean that the likelihood of a successful collision should double, and so there would be double amount of reactions in the same time, and so giving double the rate of reaction.
Components that I will use
· Hydrochloric acid is needed as a reactant for the experiments, and will also be my variable (different concentrations of it will be used each time).
· Measuring cylinders for the collection of carbon dioxide gas (large) and for the measuring of the acid and water levels (small).
· A conical flask as it is needed in order for the reaction’s gas to be collected in a controlled environment.
· A bung with delivery (glass) tube for the gas to be transported from the flask to the measuring cylinder without allowing external gasses to enter the flask. 
· Rubber tubing is needed as it can easily be bent in the water to the bottom part of the measuring cylinder, in order for the gas to be collected inside it.
· Water baths – one is needed for the control of acid temperature, while the other will be used for stopping gas from rushing out of the gas-collecting measuring cylinder.
· A thermometer to ensure that the temperature of the acid is constant.
· Safety goggles in order to prevent acid from destroying live tissue in the eye.
· Calcium carbonate (marble chips) is needed as a reactant for the experiments (it will react with the hydrochloric acid).
· Water to act as a control and to prevent carbon dioxide gas from rushing out of gas-collecting measuring cylinder. 
· A pipette to ensure exact liquid levels on all experiments.
· A stop clock to maintain the timing of the intervals between each reading, and to stop collecting readings at the same time each time. 
· A Clamp (with clamp stand) to hold up the gas-collecting measuring cylinder in an upright position.
· Glass rod to stir the combination of acid and water so that the liquid is completely at the same concentration.
What will I vary?
My variable will be the hydrochloric acid, as I will vary the concentrations of it each time. Since I am not provided with different concentrations (only 4m/dm3), I must dilute the acid provided in order to get different concentrations. For the obtaining section, I will use five different concentrations; 4m/dm3 (most concentrated, 100% acid), 3m/dm3 (75% acid, 25% water), 2m/dm3 (50% acid, 50% water), 1.5m/dm3 (65% acid, 35% water), and 1m/dm3 (least concentrated, 75% water, 25% acid) in order to get a good range of results. I will also use plain water as a control in order to prove that no carbon dioxide gas is collected when it is by itself (to prove that adding water solely dilutes the acid).
What will I keep constant?

1. The volume of acid – this can be done by diluting the other concentrations of acid until it reaches the same volume of the most concentrated one. This way, I will end up with different concentrations of acid, but each will be at the same volume.

This must be kept constant as although decreasing or increasing the acid still means that the concentration is the same (there would still be the same number of particles per unit area), the time before the reaction ‘stops’ will be completely different. This is due to the fact that decreasing / increasing the volume would mean that there would be less / more particles in total. If there are more particles in the acid of one experiment than in the other, all the particles would have still not reacted in one experiment, while all of them would have finished reacting with the marble chips in the other (the limestone is always in excess). This would mean that the reaction would finish at different times, and so would make my readings inaccurate and bias.

2. Temperature of the acid – this can be done by keeping the acid in a water bath (at the same temperature) for about three minutes before the experiment starts. I can insert a thermometer into the acid to make sure that it has risen to the temperature in the water bath.

The temperature must be kept constant each time as it can also affect the rate of reaction, giving results which do not prove how the concentration alone can affect it. A higher temperature would mean that particles would gain more kinetic energy, and so would move at a much faster pace. This would increase the likelihood of collisions with the marble, resulting in a faster rate of reaction. 

A higher concentration may have a slower rate of reaction if its temperature were relatively low as the one above, as its particles would not have as much kinetic energy, therefore decreasing the likelihood of collisions with the marble chips, and so decreasing the rate of reaction. 

3. The surface area of the marble chips – it would take a great deal of measuring to make sure that the surface area of each stone is exact in each experiment. However, the closest way of doing this is to use the same number and same total mass of the marble chips each time.

It is vital that the surface area, total mass and number of marble chips is the same per experiment. This is because these three variables can affect the rate of reaction drastically. Having a larger surface area, mass and number of marble chips means that more particles are actually on the outside layer of the marble. This increases the availability of them to the acid, therefore increasing the likelihood of reaction, and so increasing the rate of reaction (and vice versa).

4. The intervals between each reading – this can be done by using the stop clock. Whenever the interval is met, a reading will be taken and recorded. The intervals must always be of the same length, as if it were not, more reactions could take place if an interval is longer (and vice versa).

5. The overall time for the experiment can also be done by the same means above. Having a longer overall time would alter the results, as more reactions could take place over a longer period of time (and vice versa).
What am I going to measure?
Before I decide what I am going to measure, I need to know what products the reaction gives. This way, I can choose the easiest product to collect. Calcium carbonate reacts with hydrochloric acid to give off calcium chloride (the salt), water and carbon dioxide:

Calcium carbonate + Hydrochloric acid ( Calcium chloride + water + carbon dioxide

or can be written symbolically as

CaCO3 (s) + 2HCl (aq) ( CaCl2 (aq) + H2O (l) + CO2 (g)
It would be very hard to measure the amount of salt or water produced as they will already be dissolved or part of the solution. Therefore, the rate of reaction will be measured by the speed and volume of carbon dioxide gas that will be given off (as it would also be difficult weighting the amount of gas given off!). The gas will be collected by having it bubbled through water, and into a measuring cylinder with the volume (in cm3) marked on it. 
After several readings are noted, I can calculate the rate of reaction by dividing the volume of carbon dioxide by the time taken for the gas to be collected. Similarly, I could also plot a graph with the time on the x axes and the volume collected on the y axes; the gradient of the graph would be the rate of reaction. However, I believe that it is more appropriate to draw a line of best fit, which shows the concentration of the acid, against the rate of reaction for my analysis section. This is because I would then be able to show my findings in one simple graph, making it much easier to spot and explain patterns.
How will I make sure that my readings are accurate?
· I will make sure that I reset the stop clock before beginning the experiment – it should be on zero seconds.

· When reading a scale, I will make sure I look at right angles to it, so that I get the correct results.

· When using the measuring cylinder to collect the gas, I will read my results from the bottom of the meniscus.
· When I am to measure small quantities of liquids, I will use a narrower measuring cylinder as it will have more accurate readings, will be much easier to read from, and smaller quantities can be poured out of it (to get more consistent levels of the liquid each time).

· I will always repeat my experiments at least two times to improve the reliability of my results.

· I will make an average of all my experiments’ results, excluding the anonymous ones which occur.

· Making sure that one person of the group constantly monitors the increase in gas levels while another keeps an eye on the stop clock. About five seconds before the time interval has finished, tell the one watching the gas levels to be ready. This will result in much more accurate readings, as they will be very close to the time intervals set.
· I will use the pipette to ensure that the liquid levels are as exact as possible (by adding and taking away drops).

· I will use a clamp and a clamp stand to hold the gas-collecting measuring cylinder upright (90o) as this ensures that my readings will be level.

· I will use a glass rod to stir the combination of acid and water before beginning the reaction so that the liquid is completely at the same concentration (the particles are evenly spread out).
· Making sure that apparatus (such as flasks, thermometers and glass rods) are thoroughly cleaned and dried in between each experiment; this way, different concentrations don’t mix and default concentrations are not altered.

· I will ensure that the bung is always tightly inserted into the top of the flask; allowing external gas in will degrade the accuracy of my results, as there will be more gas being collected.
Safety
· I must make sure that my apparatus is not close to the edge of the table, as it may fall off.
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· Acid is both an irritant and corrosive (depending on its concentration) and should not touch skin or clothing. Safety goggles must be worn at all times, to ensure that the acid does not contact with eyes (by means of spitting out of the flask).
Preliminary Work
This segment consists of the results of my initial practical experiments. Although I have stated the components I will use, I have to try different amounts of my reactants to see which configuration works the best. I will test the reactants with only the most concentrated acid and the least concentrated acid (as my aim here is to find a configuration that is not too fast with the most concentrated and not too slow with the least concentrated).

Experiment 1 – 4m/dm3

	Time (s)
	Volume Collected (cm3)

	30
	150

	60
	290

	90
	410

	120
	500+

	150
	

	180
	


Number of marble chips:

4
Total mass of marble chips:

12.54g

Extra Information

· 50cm3 of hydrochloric acid

· 500ml measuring cylinder

From my results, I notice that the reaction was much too fast. This resulted in limited results I can base predictions and analysis from. Also, it would be very hard finding marble chips with exactly the same mass; it is to two decimal places, and I believe that I must aim to find a weight that has only one decimal place (making it easier to obtain). I also included a water bath in this experiment, to make up for the loss in accuracy for having a larger measuring cylinder. In effect, I must do the following to get better results:-

· Decrease the volume of acid – this decreases the availability of its particles to the calcium carbonate; in effect, this decreases the likelihood of particle collision thus fewer particles react at the same time and so the rate of reaction decreases.
· Use a larger measuring cylinder – this allows more gas to be collected and measured, and will be taken as a precaution as gas collected may go over 500 cm3
· Less amount (and weight) of marble chips – this drastically will decrease the surface area and the amount of calcium carbonate particles exposed to the acid. This decreases the likelihood of particle collision; fewer particles will react at the same time, thus causing the rate of reaction to decrease. 
· Try to find weight to one decimal place (second decimal place = 0)
Experiment 2 – 4m/dm3

	Time (s)
	Volume Collected (cm3)

	30
	60

	60
	110

	90
	160

	120
	210

	150
	260

	180
	310


Number of marble chips:

2

Total mass of marble chips:

8.46g
Extra Information

· 40cm3 hydrochloric acid

· 1l measuring cylinder

· Water bath at room temperature = 22oC – for duration of experiment
These results are much better; however it is quite slow for a concentration of 4m/dm3. In addition, I still have not solved the issue of a one decimal space mass total. Also, a 1l measuring cylinder is too big and will give inaccurate results (I must alter the amounts of the reactants to work nicely on a 500ml measuring cylinder). In effect, I must do the following to get better results:-
· Use a smaller measuring cylinder – this will make more accurate results because of the readings it provides and because of the fact that it is easer to pour smaller amounts out of it.
· Increase the amount of marble chips – this increases the surface area of the marble, causing more calcium carbonate particles to be exposed to the acid. This increases the likelihood of particle collision; more particles will react at the same time, meaning a quicker rate of reaction.
· Although the thirty second intervals provide a nice and wide range for my results, I believe that I can conclude better if I were to record even more results – up to five minutes

Experiment 3 – 4m/dm3
	Time (s)
	Volume Collected (cm3)

	30
	70

	60
	135

	90
	190

	120
	240

	150
	280

	180
	315

	210
	345

	240
	370

	270
	390

	300
	410


Experiment 3 – 1m/dm3

	Time (s)
	Volume Collected (cm3)

	30
	15

	60
	25

	90
	35

	120
	44

	150
	50

	180
	55

	210
	60

	240
	64

	270
	67

	300
	70


Number of Marble Chips:
4

Total Mass of marble chips:
2.30g

Extra Information:
· 40cm3 hydrochloric acid

· 500ml measuring cylinder

· Water Bath at 25oC – Three minute leave at the beginning of the experiment
The tables show that the reaction is not too fast for the most concentrated – and not to slow for the least concentrated acid. I have chosen a one decimal weight, making it much easier and less time-consuming to get the marble chips ready. In addition, I have returned to a 500ml measuring cylinder, so my results are even more accurate (note that the final result in the most concentrated table is some 90 cm3 less than the limit of 500cm3 – this is good as my obtaining results might naturally be higher and I do not have to worry).
I have decided to slightly increase the water bath’s temperature in order to slightly increase the rate of reaction; the reactants’ particles’ moves faster, resulting in more likelihood of collision and so a faster rate of reaction. The combination of thirty second intervals (two readings per minute), and a total of values that range from one to five minutes give me plenty of accurate data that I can base many of my upcoming sections from.
Method / Diagram
Note: The method below is to be repeated for each concentration of acid (and for the control).

1. Set up the apparatus as shown on the page 7 (do not add the marble chips or the acid as of yet).
2. Measure the needed quantity of the 4m/dm3 acid and water that is needed for the concentration that will react. Mix the two liquids together and stir in a flask with a glass rod if needed.
3. Place the acid in a ‘no stirring’ water bath with a controlled temperature of 25oC. Ensure that the acid is completely covered with the water and stir regularly with a glass rod to ensure temperature spread and consistency. Keep the acid there for three minutes exactly. 
4. While waiting, weigh different combinations of four marble chips until one is found with a mass of precisely 2.30g.

5. Pour the acid into the flask and lift the bung from it in order to prepare for the insertion of the marble chips.

6. Quickly add the marble chips to the acid, immediately place the bung back onto the flask and press the start button on the stop clock simultaneously.

7. Record a reading (by looking on the line of surface of water in the measuring cylinder) every thirty seconds for a period of five minutes remembering that the controlled variable (time) should go on the right and the other one (volume collected) goes on the left of the results table.
8. Repeat the experiment at least twice more and find an average for each concentration (excluding anonymous results).
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