
Determination of Empirical Formulas

In this lab you will synthesize zinc iodide from zinc metal and solid iodine.  You will 
also determine the formula of an unknown hydrate.

Equipment

You will need your 150 mL beaker, wire gauze, crucible tongs, a crucible and lid, a 
Bunsen burner, and a hot plate.   

Chemicals

You will need about 1.2 g of zinc and about 1.2 grams of iodine.  You will also need 
about 20 mL of 0.2 M acetic acid.  You will also need your unknown hydrate.

CAUTION!  IODINE IS TOXIC!  BE CAREFUL TO NOT GET IT ON YOUR SKIN!

Zinc Iodide

Procedure

Write your name and the word “Zinc” on the outside of your 150 mL beaker.

Weigh your 150 mL beaker, recording the mass to 3 places past the decimal.  

With the beaker still on the balance tare the balance.  Remove the beaker from the 
balance, making sure the balance remains tared.  Place about 1.2 grams of zinc into 
the beaker and place it back on the balance.  Record the mass of zinc to 3 places 
past the decimal.  

Tare the balance again and remove the beaker from the balance, making sure the 
balance remains tared.  Add about 1.2 grams of iodine to the beaker and place it 
back on the balance.  Record the mass of iodine to 3 places past the decimal.  

Add about 5 mL of 0.2 M acetic acid to the zinc and iodine in the beaker.  The acetic 
acid provides a medium for the reaction to occur in, as well as preventing the 
precipitation of Zn(OH)2.  This is undesirable because it will mix in with the 
remaining zinc, causing the apparent mass of unreacted zinc to be too high.

Swirl the beaker occasionally, recording your observations as the reaction proceeds.  
The reaction is complete when the solution is colorless.  To make sure of this, put 
the beaker on a piece of white paper, or hold a piece of white paper behind the 
beaker.  Even a faint tinge of red or yellow means the reaction is not complete.

The reaction will take about 20 minutes, so start the next portion of this lab 
(unknown hydrate) while you are waiting for the reaction to go to completion.

Once the reaction is complete all of the iodine will have reacted.  The solution will 
contain aqueous zinc iodide and acetic acid.  There will be excess zinc in the beaker. 
Decant the solution into another beaker (your waste beaker).  Make sure that all of 
the excess zinc metal remains in the original beaker.  Some of the solution will 



remain with the zinc, it is more important to keep all of the zinc in the beaker than 
it is to get all of the solution out.

Add about 3 mL of 0.2 M acetic acid to the beaker with the solid zinc.  Swirl it a few 
times, then decant most of the solution into your waste beaker, making sure to leave
all of the solid zinc in the original beaker.  This is called washing the zinc.  Wash the
zinc 2 more times with the acetic acid (for a total of 3 washings), discarding the 
acetic acid in your waste beaker.  Wash the solid zinc 3 times with D.I. water, 
discarding the D.I. water into your waste beaker. 

Place your 150 mL beaker with the wet zinc in it in an oven.  Next week you will 
weigh your beaker with the dry zinc in it.

Unknown Hydrate

Procedure

Your unknown is a hydrate of magnesium sulfate, zinc sulfate, potassium carbonate,
or strontium chloride.  That is, K2CO3·xH2O, SrCl2·xH2O, MgSO4·xH2O, or 
ZnSO4·xH2O.  You will determine which the salt (SrCl2, MgSO4, K2CO3, or ZnSO4) as 
well as the waters of hydration (“x”).

First, weigh a clean, dry crucible with it’s lid and record the mass to 3 places past 
the decimal in your data table.  Remove the lid and tare the balance with the 
crucible on it.  Remove the crucible from the balance, keeping the balance tared. 
Add about 4 grams of your unknown hydrate to the crucible and place it back on the
tared balance.  Record the mass of the hydrate in your data table to 3 places past 
the decimal.

Place the crucible with your unknown in it on your hot plate and put the crucible 
cover on it, leaving it slightly open so that the water vapor can escape.  Turn the hot
plate on about halfway.  You want to heat the crucible gently at first.

Listen for any popping.  If you hear any popping remove your crucible from the hot 
plate until the popping stops, then put it back on.  After 5 minutes turn your hot 
plate up to high.  

After you have heated the crucible for a total of 20 minutes, remove the crucible 
from the hot plate (use crucible tongs) and place it on your wire gauze on the lab 
bench. 

When the crucible is cool enough to pick up comfortably, weigh it.  Record the mass 
to three places past the decimal.

Place the crucible back on the hot plate and heat it on high for 5 minutes.  Remove 
the crucible from the hot plate and place it on the wire gauze.  

When the crucible is cool, weigh it and record the mass to 3 places past the decimal. 
If this mass is closer than 0.01 to the previous mass, stop.  If not, repeat the heat, 
cool, weigh cycle until the mass is within 0.01 grams of the previous mass.



Heating the hydrates removes the waters of hydration, ultimately leaving the 
anhydrous salt in the crucible.  For example:

SrCl2·xH2O(s) →  SrCl2(s) + x H2O(g)

Here SrCl2 is the anhydrous salt.  Yours may be different depending on which 
hydrate you get.

Next you will determine which anhydrous salt you have.  

Light a Bunsen burner making sure to get a bright blue inner cone in the flame.

Put some of your remaining unknown onto a wooden spatula and place it into the 
flame.  Wait for a minute.  

If you see a bright red flame, you have strontium chloride.  If you do not see a red 
flame, you do not have strontium chloride. The red flame is characteristic of 
strontium.  Some of the electrons in the strontium atom are placed into a higher 
energy state (an excited state) by the flame.  When the electrons return to the 
ground state they emit red photons. 

If you see a light purple flame your anhydrous salt is potassium carbonate.  The 
electrons in the potassium atoms are excited, and when they return to their ground 
state they create photons of visible light that appear light purple.

If you see either a red flame or a light purple flame you know what your anhydrous 
salt is.  If you see neither a red flame nor a purple flame, you are lucky enough to 
be able to perform the magnesium test. 

Put a small portion of your unknown into a test tube and add a few mL of D.I. 
water.  Drop a strip of magnesium metal into the solution and wait for about 5 
minutes.  If you see a dark substance collecting on the magnesium strip, you have 
zinc sulfate.  If you do not see the dark substance accumulating on the magnesium 
strip, you have magnesium sulfate.  If you have zinc sulfate, the following single 
displacement reaction occurs:

ZnSO4(aq) + Mg(s) →  Zn(s) + MgSO4(aq)

If you have magnesium sulfate, no reaction occurs (other than a minor side reaction 
with water which may cause some bubbles).

Zinc Iodide Calculations

Your goal is to determine the experimental formula of the compound that you 
synthesized.  You know that it only contains zinc and iodine.  This experiment was 
written so that the iodine is the limiting reactant (it is all used up when the 
reaction is complete) and zinc is in excess (there is some zinc left).  This means that 
you can assume that all of the iodine you weighed out was used up.



Calculate moles of iodine used:

moles I =
mass iodine weighed ____________ g
Molar mass of atomic iodine __________g/mol

= ____ mol  I

Note that you divide by the molar mass of atomic iodine not molecular iodine (“I”, 
not “I2”). 

Calculate the moles of zinc used.  To find out how much zinc was used, we subtract 
the mass of zinc left over from the initial mass of zinc.  

To find the mass of zinc left over subtract the mass of the empty beaker from the 
mass of zinc in the beaker after the final heating. 

(Mass of beaker with dry Zn ____ g )−(Mass of empty beaker ____ g )=____ g Zn remaining

(Initial mass of Zn___ g )−(Mass of Zn remaining____g )=____ g Zn reacted

moles Zn=
___ g Zn reacted
Molar mass of Zn ___ g/mol

 = ____ mol  Zn

To calculate the empirical formula for the compound you synthesized, divide the 
moles of I by the moles of Zn.  

______moles I
______moles Zn

=n

When you do the division, if the number you get (n) is closer than 0.1 to a whole 
number, round to that whole number.  This gives you your empirical formula for zinc
iodide.  If the number you get is 0.1 or more away from being a whole number, 
multiple by some integer so that you get a number closer than 0.1 to a whole 
number.  Now round, this gives you your empirical formula.

Unknown Hydrate Calculations

You will calculate the number of waters of hydration per formula unit of your 
anhydrous salt.  This is the empirical formula of your unknown.

First, find moles of water driven from your sample.  To do this, you need the mass of
water that was vaporized.  This is given by:

(Mass of hydrate ____ g )−(Mass of anhydrous salt____ g )=Mass of water____ g

Here, Mass of anhydrous salt is:

(Mass of crucible with salt after last heating____ g )−(Mass of crucible____g )=Mass of anhydrous salt____ g



Now for the moles:

Moles water = 
Mass of water ____ g
Molar mass of water ____ g

=______ moles water

Next you need the moles of your anhydrous salt.  Since you have determined which 
salt you have you can divide the mass of your anhydrous salt by its molar mass:

Mol  anhydrous salt=
Mass of anhydrous salt ____ g
Molar mass of anhydrous salt ____ g/mol

=____ mol anhydrous salt

Now, divide moles of water by moles of anhydrous salt.  

____ mol water
____ mol anhydrous salt

=x

Do not round to a whole number!  Rather report your answer to the correct number 
of significant figures.

Now you can write the empirical formula of your hydrate:

Salt·xH2O

Here “Salt” is the formula for your anhydrous salt (K2CO3, SrCl2, ZnSO4, or MgSO4) 
and x is from above.  

Conclusion

For the zinc iodide portion report your empirical formula.  Give one reasonable 
source of experimental error.  Be specific, explain the effect of that error on every 
step of the calculations.

For your unknown hydrate report the formula of your hydrate.  That is: Salt·xH2O 
where “Salt” is the formula for your anhydrous salt and x is moles of water per 1 
mole of the anhydrous salt.  Give one reasonable source of experimental error.  Be 
specific, explain the effect of that error on every step of the calculations.


