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Experimental Methods: 

The experiment was completed as previously described.1  The unknown solution used was number 230.


Note: For some labs (like the first lab on “Unknown Solutions”), there is no given procedure – you develop your own. For these labs, the procedure must be written out in third-person, past tense that describes how the experiment was conducted.
Results:
The volume of the pycnometer constructed for this experiment was determined using the density of water at 20.5 ºC and the equation V = m/D.  Based on the four trials shown in Table 1, the average volume of the pycnometer was 0.543 ± 0.004 cm3.  The average and standard deviations of the volume were found using the equations2
Average = ∑xi / n

Standard Deviation = (∑(xi – ave)2 / n -1)½.
This volume was then used to calculate the density of unknown 230 using the equation D = m/V.  Using the four trials shown in Table 2, the average density of the liquid was found to be 1.01 ± 0.08 g/cm3.  In addition, the refractive index of the liquid was determined three times (Table 3).  The average value of 1.4235 ± 0.0001 was calculated based on those trials.

Table 1: Experimental Data for the Determination of the Volume of the Pycnometer
	Trial
	Mass of stopper and pycnometer 
	Mass of stopper, pycnometer, and H2O
	Mass of H2O
	Density of H2O at  20.5 ˚C
	Volume of pycnometer 

	1
	20.3152 g
	20.8576 g
	0.5424 g
	0.99810 g/cm3
	0.5434 cm3

	2
	20.3152 g
	20.8610 g
	0.5458 g
	0.99810 g/cm3
	0.5468 cm3

	3
	20.3152 g
	20.8512 g
	0.5360 g
	0.99810 g/cm3
	0.5370 cm3

	4
	20.3152 g
	20.8603 g
	0.5451 g
	0.99810 g/cm3
	0.5461 cm3


Table 2: Experimental Data for the Density Determination of Unknown 230

	Trial
	Mass of stopper and pycnometer
	Mass of stopper, pycnometer, and unknown liquid 
	Mass of unknown liquid 
	Volume of pycnometer 
	Density of unknown liquid 

	1
	20.3152 g
	20.8876 g
	0.5724 g
	0.543 cm3
	1.05 g/cm3

	2
	20.3152 g
	20.8678 g
	0.5526 g
	0.543 cm3
	1.02 g/cm3

	3
	20.3152 g
	20.7997 g
	0.4845 g
	0.543 cm3
	0.892 g/cm3

	4
	20.3152 g
	20.8901 g
	0.5749 g
	0.543 cm3
	1.06 g/cm3


Table 3: Refractive Index Measurements for Unknown 230
	Trial
	n20

	1
	1.4236

	2
	1.4235

	3
	1.4234


Discussion:

The data obtained during this experiment make it difficult to determine with certainty the identity of the unknown.  The density of 1.01 g/cm3 was greater than any of the literature values supplied with the lab.1  However, two were relatively close:  cyclohexanol with a density of 0.9624 g/mL and ethyl acetate at 0.9003 g/mL.  The refractive index of 1.4235 obtained for the unknown was closest in value to cyclohexane (1.4266).  However, the large difference in densities suggests that it was not the unknown.  When comparing the refractive index of the unknown to that of cyclohexanol (1.4641) and ethyl acetate (1.3723), the unknown is slightly closer in value to the cyclohexanol.  Thus, the identity of unknown 230 was determined to be cyclohexanol.  That it was not ethyl acetate was further supported by the absence of a “fingernail polish remover” smell as ethyl acetate is often a component of polish removers.
The fact that the data obtained for the experiment were so far off from the literature values suggests that some errors occurred during the experiment.  The large value for the density means that either the recorded mass of the unknown liquid was too high or the calculated volume of the pycnometer was too low.  It is believed that it was an incorrect value for the mass of the liquid which caused the error in this experiment because (a description of something that happened in the lab).  When determining the value of the refractive index, the data was consistently high.  It is likely that there were therefore problems sharpening the borderline on the refractometer.  This could be corrected in the future by (a suggestion of something else to try).  
In spite of the difficulties encountered, this lab did show how it was possible to utilize physical properties to identify an unknown compound.  It also emphasized the importance in making careful and accurate measurements.
References:
(1) Microscale Density and Refractometry, http://webs.anokaramsey.edu/chemistry/Chem1061/Labs/MicroscaleDensity/default.htm (11 Jan 2006).
(2) Simple Statistics Used in Chemistry, http://webs.anokaramsey.edu/chemistry/Chem1061/Labs/Statistics/ChemistryStatistics.doc (11 Jan 2006).
