Chemistry Lab 5
Empirical Formula
An empirical formula is a formula for a chemical compound found by direct laboratory examination.  Laboratory procedures allow the chemist to find the simplest whole number ratio of elements within the compound.  In order to find the true molecular formula, the chemist also needs to know the compound’s molecular mass.

The general procedure is to use laboratory techniques to determine the mass of each element in the compound.  In this lab, we will react a known quantity of tin metal to form an oxide product.  We then mass the final product and subtract to find the mass of oxygen in the product.  Once we know the masses of elements in the compounds, we can convert to moles and determine the simplest whole number mole ratio.

Of course, the details of the particular reaction will add a complicating factor.  The tin will react with concentrated nitric acid as follows

	Sn (s) + HNO3 (aq)  SnOx (s) + Sn(NO3)y (s) + H2O (l) + NO2 (g)

The x and y are unknown subscripts because I don't want to give away the answer!  The reaction is unbalanced for the same reason.  We're trying to find the empirical formula of the SnOx product, but note that there are other substances in the container with it.  They need to go!  The NO2 is easy; it's a gas and will go away on its own.  We can get rid of the water by evaporating it gently.  Note the gently part; boiling it will cause the whole thing to pop and splash, then you'll lose your sample.

The tin nitrate compound is going to be a problem.  It turns out that most of our tin ends up in that product rather than the tin oxide we're trying to make.  Luckily, the tin nitrate decomposes to the tin oxide that we want on strong heating.  So once the sample is dry, we can crank up the heat and decompose the tin nitrate.  The tin nitrate compound is an off white color and the oxide we're looking for is pale yellow, so we'll know when the product is done by its color.

Methodology

1.	Clean an evaporating dish with its watch glass lid, then dry it in the oven for 5 minutes.  Find the total mass of the dry dish and lid.  Do not touch the dish with your hands once it is dry.

2.	Mass out approximately 0.5 g of granulated tin metal into the evaporating dish.

3.	Using a dropper, slowly add 8 M HNO3 to the tin.  Keep the watch glass lid on the evaporating dish to prevent splashing.  Continue adding acid until the reaction ceases.  Caution: avoid breathing the gas produced by the reaction.

4.	Heat the product gently to evaporate the water from the dish.  Keep the lid on the dish at all times to avoid loss of sample by splashing.

5.	Once the product is dry, heat strongly until it turns a pale yellow color.

6.	Mass the product, then reheat and mass again until the last two masses agree within ±0.02 g.

Analysis

To find the mass of tin oxide product, you must subtract the mass of the dish and lid from the final mass.  Then, subtract the mass of tin to find the mass of oxygen in the product.  You now know the mass of tin and oxygen in the product.  Convert both masses to moles.  The moles of tin should be the smaller number, so divide both numbers by the moles of tin.  Round the value for oxygen to the nearest whole number and use that value to write an empirical formula.  Given what you know about the possible charges of tin and oxygen ions, decide whether your empirical formula is reasonable.  Find a relative error on the oxygen subscript based on the closest reasonable subscript.

Questions

1.	Name your product.  Is it a viable formula given what you know about the charges of tin and oxygen ions?

2.	If you didn't add enough acid in step 3 so that unreacted tin remained in the evaporating dish, would your calculated subscript on oxygen be too large or too small?  Explain.

3.	What additional information would you need if you wanted to find the molecular formula for the compound?

4.	Devise an experiment similar to this one that would allow you to find the empirical formula of magnesium chloride.

5.	How would your results change if you didn't heat strongly enough to decompose the tin nitrate compound in step 5?


