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Chemical Processes Lab – Re-Write

Our initial ethanol/water mixture was given to us, however, we did not know the mass fraction of ethanol in this mixture.  We were able to use a thermometer to measure and record the temperature of the mixture.  Additionally, we were able to measure the specific gravity of the initial flask mixture.  The specific gravity of the mixture is the density of the ethanol over the density of water.  Since the density of water is 1 g/mL we were able to determine the density of our ethanol at our recorded temperature simply by multiplying our specific gravity by one.  We developed a chart to record this data.
	
	Volume (mL)
	Temperature (Celsius)
	Specific Gravity
	Mass Fraction of Ethanol

	Initial Flask Mixture
	800
	28
	.982
	?


The mass fraction of ethanol in our initial flask mixture was unknown and had to be calculated using linear interpolation and the use of the measured temperature and specific gravity.  We used the following equation:

Y = Y1 + (X – X1)/(X2 – X1) * (Y2 – Y1)
Using the temperature of 28 degrees Celsius and the density of our ethanol as .982 g/mL we calculated using the above equation the mass fraction of ethanol in our initial flask mixture to be 8.33%.  
Calculating the mass fraction of ethanol in our initial flask mixture allowed us to complete a mole balance for our experiment to insure that all of our material was accounted for.  In order to obtain the mass of ethanol in our initial flask mixture we manipulated the following equation:

Density = Mass/Volume ( Mass = Volume * Density
Knowing the volume of ethanol to be 800mL * .0833 we calculated its volume to be 66.4mL.  Multiplying this volume of 66.4 mL by the density of .982 g/mL we calculated the mass of ethanol to be 65.4g.  To find the number of moles of ethanol in our initial flask mixture we divided this number by the molar mass of ethanol (46.07g/mol) to calculate 1.42 moles of ethanol in our initial flask mixture.  Using our other calculated mole values from our 1st Distillate Sample and our final flask mixture we completed an ethanol mole balance:

1.42 =? 0.41 + 1.2 however, 0.41 + 1.2 = 1.61
There is a discrepancy in our mole balance for ethanol and it seems that our calculated mole values from our three samples of ethanol/water mixture do not add up.  This error in our experiment could be accounted for because of human error throughout the experiment, in addition to error in calculating the mass and then moles of ethanol in our samples.  For the initial and final flask mixtures our recorded volumes were not precise due to the number of marks on our flasks.  This limited our ability to get a very precise measurement of volume for these samples.  An error in the volume measurement changes the calculation of the amount of ethanol by mass and therefore the number of moles of ethanol.  Our balance comes close to adding up, however, because of error throughout our experiment it does not add up properly.  (Please see additional sources of error for other parts of the experiment in our conclusion)
After finishing our calculations we compared our equilibrium concentration of Ethanol in our liquid after our first distillation to the McCabe Theile Diagram (please see attached diagram).  In our first distillation sample we calculated that we had a 46.8% liquid percent of ethanol by mass.  We started we an 8.33% concentration ethanol/water mixture.  After drawing the steps of on the McCabe-Theile diagram it seems that after only one distillation we should have had a distillate with about 40% concentration of ethanol in the mixture.  This diagram served as a good way to have a quick estimate before distillation of around what percent concentration our distillate sample should be.  The concentration of our sample is close to that prediction; however, it is off by about 6.8%.  This difference can be accounted for because of the error throughout our experiment.  The conditions for our experiment were not perfect vapor could have escaped from our condenser due to loose gaskets, and our calculations of the percents of the ethanol in each sample were definitely off by some amount because not all of our measurements of temperature, volume, and specific gravity were perfect.  The error in our experiment was not too terrible; however, things could have been done much better to insure more accurate results.  Please see our original lab report for greater detail on those sources of error, and possible ways to fix them.      
