
Making 
Phosphoric Acid

• Furnace Process for making H3PO4 to be used to 
make fertilizers, detergents, and pharmaceuticals. 
– React phosphate rock with sand and coke at 2000 ºC.

2Ca3(PO4)2 + 6SiO2 + 10C
® 4P + 10CO + 6CaSiO3

– React phosphorus with oxygen to get tetraphosphorus
decoxide.

4P + 5O2 ® P4O10
– React tetraphosphorus decoxide with water to make 

phosphoric acid.
P4O10 + 6H2O    ® 4H3PO4



Sample 
Calculations (1)

• What is the maximum mass of P4O10 that can 
be formed from 1.09×104 kg P?

• Beginning of unit analysis setup.

• The formula for P4O10 provides us with a 
conversion factor that converts from units of P 
to units of P4O10. 



Goal: To develop conversion factors 
that will convert between a 
measurable property (mass) and 
number of particles
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Molar 
Conversions
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Our 
Calculation

• What is the maximum mass of P4O10 that 
can be formed from 1.09×104 kg P?

• Here are the general steps for our 
calculation. 

Mass P → moles P → moles P4O10 → mass P4O10



• What is the maximum mass of P4O10 that can be 
formed from 1.09×104 kg P?

Mass P → moles P → moles P4O10 → mass P4O10

• We can convert grams of P to moles of P using 
the molar mass of P, which comes from its 
atomic mass that is found on the periodic table. 

Our 
Calculation –
Step 1



Periodic Table

https://preparatorychemistry.com/Bishop_periodic_table.pdf

https://preparatorychemistry.com/Bishop_periodic_table.pdf


Our Calculation – Step 1
• What is the maximum mass of P4O10 that can be 

formed from 1.09×104 kg P?
Mass P → moles P → moles P4O10 → mass P4O10

• Before we can convert grams P to moles P, we 
need to convert kg to g. 



Our 
Calculation

• The chemical formula provides a 
conversion factor for converting from 
moles of phosphorus atoms to moles 
of tetraphosphorus decoxide
molecules in the second step of our 
calculation. 

If                                then



Our Calculation – Steps 1 and 2

• What is the maximum mass of P4O10 that can be 
formed from 1.09×104 kg P?

• Here are the first two steps in our calculation.



Molecular 
Mass

• Whole = sum of parts
• mass of a molecule = sum of the masses of 

the atoms in the molecule 
• molecular mass = the sum of the atomic 

masses of the atoms in the molecule
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Molar Mass For 
Molecular Compounds

• Molecular Mass = Sum of the  
atomic masses of the atoms in 
one molecule
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(molecular mass) g molecular compound
1 mol molecular compound



Our Calculation
• What is the maximum mass of P4O10 that can be 

formed from 1.09×104 kg P?
Mass P → moles P → moles P4O10 → mass P4O10

• We can now take the next step in our calculation 
using the molar mass of P4O10 that comes from its 
molecular mass to convert from mol P4O10 to g P4O10.  

4(30.9738) + 10(15.9994) = 283.889 (with the correct rounding)
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Our Calculation
• What is the maximum mass of P4O10 that can be 

formed from 1.09×104 kg P?
Mass P → moles P → moles P4O10 → mass P4O10

• We can now complete our calculation by 
converting grams to kilograms.  



Formula 
Units

• A formula unit of a substance is the 
group represented by the substance’s 
chemical formula, that is, a group 
containing the kinds and numbers of 
atoms or ions listed in the chemical 
formula. 

• Formula unit is a general term that 
can be used in reference to elements, 
molecular compounds, or ionic 
compounds. 



Formula Unit Examples



Formula Mass for 
Ionic Compounds

• Whole = sum of parts
• Mass of a formula unit = sum of the masses 

of the atoms in the formula unit 
• Formula mass = the sum of the atomic 

masses of the atoms in the formula
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Molar Mass For 
Ionic Compounds

• Formula Mass = Sum of the 
atomic masses of the atoms in a 
formula unit
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(formula mass) g ionic compound
1 mol ionic compound
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