Experimental Determination of the Gas Constant R
Background:


The physical properties of gases are governed by four physical parameters:  temperature, volume, pressure, and the number of moles of sample.  By combining all four of these relationships the ideal gas law was derived:





PV = nRT





   (1)

The equation above holds true only for gases that are said to behave "ideally".  The individual molecules of an ideal gas are assumed to have very little attraction for one another and interaction between the molecules is said to be negligible.


Because the four physical parameters mentioned above are only proportionalities, it is necessary to introduce a proportionality constant in order to more accurately describe the properties of an ideal gas.  This proportionality constant is referred to as the universal gas constant (R).  Rearranging equation (1) above allows us to determine this constant, R.
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R = 

nT



It is well known that certain metals react with aqueous acids to produce hydrogen gas as well as the salt of that particular metal.  Essentially the reactive metal is oxidized by the hydrogen cations during the course of the reaction by losing their outer shell electrons.  By manipulating the reaction conditions, it is possible to ensure that the reactive metal is present as limiting reactant; therefore making it possible to determine the number of moles of hydrogen gas (H2) produced during the course of the reaction.  This gas can then be collected and an experimental value for the gas constant R determined.

The metal to be used during the course of this laboratory experiment is magnesium (Mg) which will be reacted with 6 M aqueous hydrochloric acid (HCl).  !!!Caution:  6 M HCl is a very corrosive substance and must be handled extremely carefully!!!  


While the volume of gas released during the course of the reaction will be determined directly, the pressure of this sample must be determined indirectly.  Because this gas will be collected above a sample of water, we cannot neglect the pressure exerted by the water vapor above the liquid water.  However, according to Dalton's Law of Partial Pressures (Eq. 3) we can assume that the hydrogen gas is mixed only with the water vapor and, in addition, must be equal to the atmospheric pressure which can be obtained from a typical laboratory barometer:

[image: image2.wmf]22

barHHO

P = P + P

(3)

The vapor pressure of water varies with temperature but can be estimated by using the graph shown below:
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5

10

15

20

25

30

35

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

Temperature (ºC)

Pressure (mm Hg)

Prelab Questions:
Please answer the following questions on a separate sheet of paper.
1.  Why is the maximum mass of magnesium metal 0.05 g?  What happens if you 


use more than this amount?

2.  What is the purpose of the equalization chamber?

3.  What is the importance of the vapor pressure of water vs. temperature 

curve shown above?  What value is obtained from this graph?

4.  Why is it important to minimize the amount of mixing between HCl and 


water in the eudiometer tube before inverting it?

5.  If oxygen gas were collected over water at 22 ºC and the total pressure of 


the wet gas were 710 mm Hg, what would be the partial pressure of the


oxygen?  Refer to the graph above.
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