Dependence of reaction rate on concentration of reactants and amount of substance
Why reaction rate?

Reaction rate is really important parameter describing studied reaction. If we well understand reaction rate and the parameters which influence the reaction rate, we can optimize, for example, reaction time to get the products as soon as possible (and time is money, of course), or, contrarily, to slow down too quick (or explosive) reactions. Hence, reaction rate is not chemical parameter only, it is economic parameter as well. For example, if the reaction is accelerated with increasing concentration of reactants or increasing amount of substance, we can slow reactions accelerate by using higher concentrations (or amount of substance) of the reactants. Therefore, we can produce more products of the reaction in a shorter time, and .., if we are able to sell our products (in this step, of course, the chemistry is not involved), we can become richer. In this lab course, we have to explore, what is the influence of the concentration and the amount of substance on the reaction speed.

Is the key parameter which influence the reaction rate concentration, amount of substance or both of them? And, what is the effect? Can we accelerate the reaction with increasing concentration (amount of speed) or with decreasing concentration (amount of substance). 
It is reasonable to assume that the amount of reactants affects the reaction rate. In this experiment, we plan to explore if this is true. And, if yes, is the key parameter influencing the reaction speed the concentration or amount of substance?

How to follow the parameters which influence the reaction rate?

We want to follow the reaction rate, however, how to do that? The definition of the reaction rate shows that it is the change in concentration of reactant(s) or product(s) with time (all divided by stoichiometric coefficient to normalize the definition for all the reactants in the equation). Hence, for our experiment, it is important to monitor the change of concentration (with time). It means that we have to measure the concentration with time OR another quantity that is proportional to the concentration. Fast (or sufficient) response of sensor or procedure for measurement of the quantity is also important because we often have to follow the quick changes. For example, if we choose titration, which takes 2 minutes, to monitor reaction which occurs on few seconds time scale, we probably do not obtain reasonable results. Therefore, spectroscopic methods, which provide fast response and they are simple to use, are often employed, nevertheless, if the gaseous product is formed during the reaction, we can use pressure measurement (and hence a pressure sensor) to monitor the reaction course. If the formed gas behaves ideally (which is often well satisfied under normal conditions), the ideal gas law (and reaction stoichiometry) can help us to determine the concentration of the generated gas, because the concentration is directly proportional to its pressure. The advantage of measuring pressure is that it is easy to do and a response of the sensor is very fast. To perform the experiment, therefore, prepare datalogger or computer and connect a pressure sensor.
Which reaction?

Today, to demonstrate the chemical kinetics basics, we will follow the reaction of magnesium with hydrochloric acid.

2HCl + Mg ( MgCl2 + H2
We will follow the dependence of the reaction rate on concentration and amount of substance. To avoid influence of both the reactants simultaneously (for easier evaluation of the process), we select the concentration of the one of the reactants constant for all the experiments. For our purpose, we select magnesium and we will change the concentration of hydrochloric acid.

Equipment
Datalogger Vernier LabQuest (or another datalogger, this worksheet is optimized for this type of datalogger), pressure sensor, tube with a steeper which can be connected to pressure sensor (often an accessory of the sensor), test-tube compatible with the steeper, test tube holder, glass marker, beaker
Chemicals
Hydrochloric acid 1 mol/dm3, water, magnesium strip – ca 1 cm.

Procedure
1. Connect the pressure sensor to the datalogger.

2. Divide 1 cm of magnesium strip into three pieces with the same length (hence, the amount and the concentration of Mg for all the experiments will bet he same).

3. Prepare the test-tube. Use a glass marker and make two lines on a test-tube, the first in a one sixth and the second in a one third of the test-tube hight. The volumes of two bottom parts marked on a test-tube should be the same. 

4. Turn Vernier LabQuest datalogger on. The pressure sensor should be automatically detected. Click on the graph icon (2nd upper tab). In the "Chart" menu under "Chart Parameters" set "right", the range of the x-axis set to 100.
5. Pour into test-tube HCl (1 mol/dm3) to the first mark. Start the measurement (green arrow at the bottom of the display), wait exactly 5 seconds (time can be seen in the bottom right of the window). Throw into the test-tube piece of magnesium. Ensure that the piece of Mg is in the HCl solution (sometimes, it can be captured on a test-tube side – you must shake the test-tube to wash the piece of Mg off into the solution). Immediately, close the test-tube with a steeper of the pressure sensor and press the steeper tightly to avoid its removal from the steeper by pressure of the formed hydrogen. Observe the screen of the datalogger, pressure increases as the product – hydrogen – is formed. To watch the experiment in detail, in the "Graph" menu select "Auto scale". At the moment when the pressure stabilizes at a constant value, proceed with the measurement for additional 10 seconds and then finish the measurement.

6. To follow both of the measurements in one graph, use this set-up for the next experiment. Press the „drawer“ icon next to the "Run 1" icon in top right of the display. The window „Run 2“ appears instead of  "Run 1" window. Click on it and from the drop down menu select "All measurements". Pour into test-tube with hydrochloric acid (1 mol/dm3), this time, however, to the second (higher) mark. This procedure keeps constant concentration, but double the amount of substance. Start the measurement and again, in exactly five seconds, throw second piece of magnesium. Proceed as in the previous point. Follow the reaction and after reaching a constant pressure, wait 10 seconds and exit the measurement by pressing „stop“ button.

7. Use the same procedure as in points 5 and 6 (including set-up of the datalogger), the only difference is preparation of the solution in the test-tube. In this experiment, we use less concentrated hydrochloric acid. Hence, fill in the test-tube with hydrochloric acid to the first mark and then add water to the second mark (the concentration decrease over previous attempts in half, but the amount of substance remains same as in the first case). Observe the reaction, after reaching a constant pressure, wait 10 seconds and stop the measurement.

8. Evaluate the measurements - find time for all three individual experiments in which the constant pressure, indicating the end of the reaction, has been achieved (i.e. no hydrogen is produced and the pressure grows and the reaction are terminated). Fill in the results into the following table. Draw conclusions.

9. Does the concentration of the reactants also affect the amount of the product formed when the amount of the second reactant remains constant (in our case, magnesium)?
	Experiment No. 1
	c (HCl) – [mol.dm-3]
	n (HCl)  - [mol]
	Time needed to equilibrium (s)

	1
	1,0
	n1
	

	2
	1,0
	2n1
	

	3
	0,5
	n1
	


Conclusions: What is the result(s) of your experiment?
