
Exp. 4  Data, results, and discussion sheet

1. Complete the tables.  If you decide any of your values are wild, indicate which values you consider wild and why and do not use them in the calculations. 
Unknown #4 Data
Masses of the contents 

of the Dumas tube



Average value for the mass
	Trial
	Mass 

	1
	0.0505g

	2
	0.0506g

	3
	0.0514g

	4
	0.0518g

	Average mass 

value
	Standard 

deviation

	0.0511grams 
0.0511g +/- 0.0006
	6 X 10 -4 
0.0006


2. Calculate the number of moles of your unknown and the molar mass of the unknown. Circle your results. Use the average mass value of the contents of the Dumas tube after heating. Also report the uncertainty in the molar mass based on the standard deviation of the mass. Show your calculation giving enough explanation and showing the equations you use so that your grader can follow your work. Be sure you list your unknown number here.  
Unknown #4 
PV = nRT 

Pressure: 75.05cm = 750.5mm

750.5/760 = 0.9875atm 

Temperature = 100 degrees C = 373.1 Kelvin 

R = 0.08205746 L atm/mol K 

Volume of tube = 35.8782grams – 18.2119grams = 17.6663grams of water in tube 

V = 17.6663g/ (0.997925 g/ml water density) = 17.7030ml 

N = PV/RT 

N = (0.9857K)X(0.017708L) /(0.0805746Latm mol -1K-1)X(373.1K)
N=0.00057096188 = 5.710  X 10 -4 moles 

Molar Mass = mass / # of moles = (0.0511 +/- 0.0006g)/5.710 X 10-4 moles = 89.5 g/mol 

Molar Mass = 89.5 +/- 1.1 g/mol 
3. In this experiment, you assumed that the gas was ideal. The equation of state for a real gas can be represented by the van der Waals equation:
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The van der Waals constant a is a measure of the attractive forces between gas molecules and the van der Waals constant b is the actual volume occupied by one mole of the gas molecules. Values of a are on the order of 20.00 atmL2mol-2 for the type of chemicals used for the unknowns and this value can be used in this problem. You can determine the actual volume of the gas molecules from the volume of the liquid, because in a liquid, the molecules are compressed about as close together as possible. The average density of the unknowns used in this experiment is 1.414 g/ml. Use this density to calculate b, using your molar mass to determine the volume occupied by 1 mole of the liquid.  Using the value of a=20.00 atmL2mol-2, determine the percent deviation between the value of (PV) and the value of 
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Show your work. Don’t try to figure out the sig figs for this problem - you will need to use 5 or 6 sig figs for the calculations, even though that is more than some of your data justifies. 
Pressure = 0.9875atm 
Volume = 0.017703L 

PV = 0.9875atm X 0.017703L = 0.01748atm L 

b= (89.49 g/mol)/ (1.414 g/mL) = 63.2885 ml/mol liquid = 0.0632885 L/mol liquid 
0.9875 atm + (20.00 atmL2mol-2)(0.0005710 moles) 2 X [0.0177032L – (0.0005710mol )(0.06328 L/mol)]
                       (0.0177032 L)2
= 1.008299atmX0.017667L
= 0.0178136 atmL = 0.01781 atmL 
% Deviation = 100 X ( actual – theoretical ) = 100 ( 0.01748 – 0.01781 ) 
                                      Theoretical                            0.01781 

% Deviation = 1.853% 
Question 4 will help you understand better what will be expected in the error analysis section of a full lab report. In most experiments, approximations and assumptions are made which simplify the experiment and the analysis, but which can affect the accuracy of your results. For this experiment, I identify some of these for you, and ask you to determine how they would affect the accuracy of your results. For this experiment, I am only asking for the direction of the deviation, not its size. Credit will depend on your explanation, but a few sentences for each part should suffice. (You’ll get zero credit if you just put a direction and don’t explain it.) HINT: for some of these, you’ll need to consider the experimental effect on the mass you measured and also the effect due to the calculation of the number of moles, since both affect the molar mass.     

4. Determine how each of the following may have affected your results. 

a. You made the approximation that the temperature inside the Dumas tube was uniformly 100oC when it was in the boiling water bath. That was based on the tube attaining the same temperature as the surrounding water. It was certainly easier than trying to come up with a temperature probe that could be inserted into the tube. However, part of the tube was actually above the boiling water. So it may have been at a slightly lower temperature. If you corrected for this, would the corrected molar mass be lower or higher than the one you calculated in question 2, which was based on the assumption that the entire tube was at 100oC? Explain.
If temperature is decreased in the tube, affecting the temperature in the equation PV= nRT, the # of moles will increases.  If the # of moles increases, this will decrease the molar mass in the equation molar mass = mass / #of moles.  The corrected molar mass would then be lower than the one calculated at 100 degrees C.  But why? 
b. A second approximation in this experiment is that the pressure inside the tube was equal to the atmospheric pressure in the room. It was easier than trying to come up with a pressure probe that could be inserted into the tube. One potential limitation of this assumption is that if there was an insufficient amount of time for pressure equilibration, the pressure in the tube might be higher than in the surrounding room. If you corrected for this, would the corrected molar mass be lower or higher than the one you calculated in question 2, which was based on the assumption that the pressure in the tube was equal to the room pressure? Explain.
If the pressure of the tube increased, this would cause the # of moles to increase as well due to PV=nRT.  If the # of moles increases, this will decrease the molar mass in the equation molar mass = mass / #of moles.  The corrected molar mass would then be lower than the one calculated at the lower pressure of the room.    But why? 
c. You made the assumption that the gas was ideal in your calculations.  If you corrected for this, would the corrected molar mass be lower or higher than the one you calculated in question 2 based on the ideal gas law? You should base this on your calculations in question 3. Explain.
d. You also assumed that the Dumas tube was filled with equal amounts of air when the tube was weighed both before adding the unknown and after each trial. Actually, this is not true due to the volume of the liquid and also due to the partial pressure of the vapor of the unknown. If you corrected for these, would a more realistic molar mass be lower or higher than the one you calculated in question 2 which was based on the assumption. Explain.
