Empirical Formula – Dehydration of a hydrate

Dr. Katz (formerly Levens)
Hydrate: an ionic compound with H2O inside its crystal lattice, called “waters of hydration.”
Empirical Formula: simplest whole number mole ratio; for a hydrate, the mole ratio goes inside the formula after a dot. When you calculate formula mass you MUST include ALL waters!
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Heating a Copper(II)Sulfate Hydrate 
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H2O g = 0.3608 CuSO4·XH2O g where X = a whole number = waters of hydration
       Y = 0.3608 x          (from virtual lab)             
H2O(g) g = 0.3608 CuSO4·XH2O(s) g
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 ? = 1 – 0.3608 g = 0.6392 g
Percent mass of water in CuSO4·XH2O (in terms of decimal as slope) → 
  
convert mass to moles (c.f. molar mass) to get X since formulas are about moles
H2O g = 0.3608 g x 1 mole = 0.0200 mol H2O; 0.0200 mol = 5



     18.0 g 



0.00400 mol
CuSO4 = 0.6392 g  x 1 mole = 0.00400 mol CuSO4; 0.00400 mol = 1



       160. g 




0.00400 mol
Simplest whole number ratio gives ionic formula, so we divide both mole values by the smaller mole value to get one of the two mole values equal to one (1). In this case, CuSO4 is equal to one (1) and you will solve for X = 5. Therefore, CuSO4·5H2O
CuSO4·5H2O (s) → CuSO4 (s) + 5 H2O (g)
      Blue 


     white

0.2079 g 


   0.1329 g 
 0.0750 g   (conservation of mass!)
It shouldn’t surprise you that this would also work for each individual trial b/c the graph is just the average of all the individual trials!
    0.0750 g ( 0.2079 g =  0.3608 (this is H2O mass ( CuSO4·XH2O mass for exp 1)
       0.3608 x 100% = 36.08% H2O in CuSO4·XH2O
   Percent mass is simply the PART divided by the WHOLE like any percent!
You can do PERCENT COMPOSITION of any compound

a. if given its mass break down; we just divide each part by the whole to get percent.

b. if given its formula; we just assume we have 1.0 mol of the compound and convert mol to g

a. A carbon – oxygen compound has a mass of 88.0g. 24.0 g of the compound is carbon. What is its percent composition?





b. What is the percent composition of CO2?

You can do EMPIRICAL FORMULA of any compound

a. if given its % composition; assume 100g then convert g to mol and get simplest mol ratios

b. if given masses of parts (like the lab); convert parts to mol and get simplest mol ratios
   
NOTE: to get simplest mol ratios, we divide all mol ratios by the smallest. IF that 
 
doesn’t give all whole numbers, we multiply by small whole numbers until we get
 
simplest whole number ratios. 
a. Write the empirical formula for a compound that has the following percent composition: 
56.6% K; 8.7% C, and 34.7% O.








b. A compound is made of 4.37 g of phosphorus and 5.63 g of oxygen. What is its empirical formula?
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