
 
 

Stoichiometry 
 

 

 

 

ATOMIC  MASSES AND ISOTOPES: 
 

¶ 12
C or Carbon 12ðIn 1961 it was agreed that this isotope of carbon would serve as the standard used to 

determine all other atomic masses and would be defined to have a mass of EXACTLY 12 atomic mass 

units (amu). All  other atomic masses are measured relative to this. 

¶ mass spectrometerða device for measuring the mass of atoms or molecules 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

What happens in a mass Spectrometer: 

 

o atoms or molecules are passed into a beam of high-speed electrons 

o this knocks electrons OFF the atoms or molecules transforming them into cations  

o apply an electric field 

o ǘƘƛǎ ŀŎŎŜƭŜǊŀǘŜǎ ǘƘŜ Ŏŀǘƛƻƴǎ ǎƛƴŎŜ ǘƘŜȅ ŀǊŜ ǊŜǇŜƭƭŜŘ ŦǊƻƳ ǘƘŜ όҌύ ǇƻƭŜ ŀƴŘ ŀǘǘǊŀŎǘŜŘ ǘƻǿŀǊŘ ǘƘŜ όҍύ ǇƻƭŜ 

o send the accelerated cations into a magnetic field 

o the amount of deflection is proportional to the mass; heavy cations deflect little 

o ions hit a detector plate where measurements can be obtained. 
 

We compare all other elements to the known mass of Carbon-12 to determine their masses. We 
can use a mass spectrometer to compare masses based on how far they deflect with respect to 
carbon-12 
 
For example: 
 

ὓὥίί ὅ 
ὓὥίίὅ 

   ρȢπψσφρςω  Ḉ ὓὥίί ὅ  ρȢπψσφρςωρςὥάό ρσȢππσσυυ ὥάό 

  



Exercise 1: Use the following information provided to fill in the missing pieces of the table: 

Abbreviation Element 
Name 

# Protons # Neutrons # Electrons Mass 
Number 

Hyphen 
Notation 

Nuclear 
Notation 

Al Aluminum 13   27   
Ca     21   

Cl-1 Chloride  19     

N-3     15   
 

 

What makes isotopes different masses? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Different Notations that you may see isotopes/elements written: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ὖὥὶὸ

ὡὬέὰὩ
 ρππϷ ὖὩὶὧὩὲὸὥὫὩ 

{hhhhhhΧ ǿƘȅ ƛƴ ǘƘŜ ǿƻǊƭŘ ŀǊŜ ǿŜ ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ ƛǎƻǘƻǇŜǎΚ 
 

[ŜǘΩǎ ƭƻƻƪ ŀǘ ǘƘƛǎ ǎŀƳǇƭŜ of chlorine:  
 
 
 
 
 
 
 
 
 
 
 
 

Now lucky for us we can use mass spectrometry to determine the amount of each isotope present so that we can 
calculate an average mass of chlorine and take into account that there are not equal amounts of each 
   

This average mass is based on the relative abundance of each isotope (it is a weighted average) 
 
 
This simplifies our lives tremendously! IŜǊŜ ƛǎ ǿƘŀǘ ǿŜ ǿƻǳƭŘ ǎŜŜ ŦǊƻƳ ǘƘŜ Ƴŀǎǎ ǎǇŜŎǘǊƻƳŜǘŜǊΧ 
 

 
 
 
aǊΦ 5ƻƻƭŀƴΧ ǘƘƛǎ ŘƻŜǎƴΩǘ ƳŀƪŜ ǎŜƴǎŜΗ ²Ŝ ƘŀǾŜ ƻǾŜǊ мллΧ 
 
Converting Relative abundance to a percentage 
 
  Well anytime we need a percentage the formula is ALWAYS the same: 
 

 
 

 
 
 
  

When we say we have a pure 
Sample of chlorine what we 
Are really saying is that we have  
A sample of chlorine that contains 
Both isotopes of ŎƘƭƻǊƛƴŜΧ 
 Chlorine ς 35 
 Chlorine ς 37 
 
 
 
 
 
 



You will take your amount and multiply it by the 
ǇŜǊŎŜƴǘ ŀōǳƴŘŀƴŎŜΧ 
  
 Then add all of the values together 

aƻǊŀƭ ƻŦ ǘƘŜ ǎǘƻǊȅΧ t!¸ ATTENTION TO YOUR AXIS LABELS ON YOUR 
GRAPH!!!!!!!!! 
 
Most of the time you will be given your relative abundance as a percent abundance! 
 
 
So now how do we calculate a weighted average? 
  
 ¸ƻǳ Řƻ ƛǘ ǘƘŜ ǎŀƳŜ ǿŀȅ ȅƻǳ ŎŀƭŎǳƭŀǘŜ ȅƻǳǊ ƎǊŀŘŜǎ ƛƴ ȅƻǳǊ ŎƭŀǎǎŜǎΧΦ 
 
  
 
 
 
 
 
 
 
 
hYΣ ǎƻ ƭŜǘΩǎ Ǝƻ ōŀŎƪ ǘƻ ƻǳǊ ŎƘƭƻǊƛƴŜ ŜȄŀƳǇƭŜ ŀƴŘ ŀǇǇƭȅ ǘƘƛǎ ǘƻ ŎŀƭŎǳƭŀǘŜ ŀ ǿŜƛƎƘǘŜŘ ŀǾŜǊŀƎŜ Ƴŀǎǎ ƻŦ ǘƘŜ ŜƭŜƳŜƴǘ 
chlorine based on the relative abundances of the two chlorine isotopes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exercise 2: Calculate the average atomic mass of chlorine based on the following percent abundance: 
 

Exercise 3:  
An unknown element has two common isotopes. The first isotope has a mass of 85 amu and a relative abundance of  
72.2%. The mass of the second isotope is 87 and has a relative abundance of 27.8%. Calculate the average atomic 
mass of the unknown element. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Alright, now leǘΩǎ ŦƻǊƳŀƭƭȅ ŘŜŦƛƴŜ ŀǾŜǊŀƎŜ ŀǘƻƳƛŎ ƳŀǎǎΧ 
 
 

Average atomic mass ς  
1. Average mass of all the isotopes 

a. Weighted average based on the relative abundance of isotopes (the more abundant an isotope is 
the more it contributes to the average) 

2. Has numbers after a decimal because it is calculated 
3. The atomic masses on the periodic table are average atomic masses 

 
 
One step farther: 
 
 

Formula mass: Total mass of a compound 

 ¢Ƙƛǎ ƻƴŜ ƛǎ Ŝŀǎȅ ǘƻ ŎŀƭŎǳƭŀǘŜΧ ŀƭƭ ȅƻǳ Řƻ ƛǎ ŀŘŘ ǳǇ ǘƘŜ Ƴŀǎǎ ƻŦ ŜŀŎƘ ŜƭŜƳŜƴǘ ǇǊŜǎŜƴǘ ƛƴ ŀ compound 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exercise 4:  

Calculate the average atomic mass of Magnesium based on the following isotopic composition: 

Isotope  Mass (amu)  Relative abundance 
Mg-24     23.985   78.70% 
Mg-25     24.986   10.13% 
Mg-26     25.983   11.17% 

 
 

Exercise 5: 
Calculate the formula mass for each of the following compounds: 
 

a.) CaO       d.) Al(NO3)3 
 
 
 

b.) N2O5 
 

e.) Fe3(PO4)2 
 

c.) H2SO4 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
! ƭƻǘ ƻŦ ǎǘǳŘŜƴǘǎ ǿƻƴŘŜǊ ǿƘŜǊŜ ǘƘƛǎ ƴǳƳōŜǊ ŀŎǘǳŀƭƭȅ ŎƻƳŜǎ ŦǊƻƳΧ L ƳŜŀƴ ǿƘȅ сΦлн Ȅ мл23 
 
We discussed earlier that the masses of all of the elements were relative to the mass of a Carbon-12 atom 
 
 ²ŜƭƭΧ Ƙƻǿ ƳǳŎƘ ŘƻŜǎ ƻƴŜ ŀǘƻƳ ŀŎǘǳŀƭƭȅ ǿŜƛƎƘ ƛƴ ǊŜŀƭ ƭƛŦŜΚ 
 
Consider 1 atom of C-12 
   6 protons     x  1.67 x 10-24 g/proton  = 1.002 x 10-23 g 
   6 neutrons   x  1.67 x 10-24 g/neutron  = 1.002 x 10-23 g 
   6 electrons  x  9.11 x 10-27 g/electron  = 5.446 x 10-26 g 
 
 

     2.010 x 10-23 g/atom 

 
 
  
 
 
 
 
 
 
  
 
 
 



 
 

Mole = 6.02 x 1023 
 
 
5ƻƴΩǘ ƎŜǘ ǘƻƻ ƘǳƴƎ ǳǇ ƻƴ ǘƘƛǎΗ ²Ŝ ŀǊŜ ŀƭƭ ŦŀƳƛƭƛŀǊ ǿƛǘƘ ǳǎƛƴƎ ǿƻǊŘǎ ǘƻ ŘŜǎŎǊƛōŜ ƴǳƳōŜǊǎΦ CƻǊ ŜȄŀƳǇƭŜΥ 
 
  
 
 
 
 
 
 
 
 



Stoichiometry 
 
Everything that we have discussed up to this point in this set of notes has led us here  
 
 What we are looking for is a way to quantify ǘƘŜ Ƴŀǎǎ κ ŀƳƻǳƴǘ κ ƴǳƳōŜǊ ƻŦΧ 
 
Lƴ ŎƘŜƳƛǎǘǊȅ ǿŜ Ƴǳǎǘ ōŜ ŀōƭŜ ǘƻ ǉǳŀƴǘƛŦȅ άIƻǿ ƳŀƴȅΚέ  ƻǊ άIƻǿ ƳǳŎƘΚέ 
 
 
 

To do this we will use Stoichiometry 
 
 
 
 
 

Stoichiometry is basically just dimensional analysis with a specific set of terms: 
 
 

  1 mole = 22.4 L of gas @ STP 
 
  1 mole = 6.02 x 1023 particles     
 
  1 mole = Formula Mass (g) 
 
If you understand dimensional ŀƴŀƭȅǎƛǎ ȅƻǳ ƘŀǾŜ ŀƭǊŜŀŘȅ ƳŀǎǘŜǊŜŘ ǘƘŜ ōŀǎƛŎǎ ƻŦ ǎǘƻƛŎƘƛƻƳŜǘǊȅΧΦ 
 
  Let me prove it to you: 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exercise 6: Using Dimensional Analysis convert the following: 
 

a.) 23 grams of NaCl to moles of NaCl 

  
 
 

b.) 5g of NaCl to molecules of NaCl 

 
 
 

c.) 4.32 x 1024 atoms of Aluminum to moles of Aluminum? 
 



Exercise 7:  
Juglone, a dye known for centuries, is produced from the husks of black walnuts. It is also a natural herbicide 
(weed killer) that kills off competitive plants around the black walnut tree but does not affect grass and other 
noncompetitive plants [a concept called allelopathy]. The formula for juglone is C10H6O3. 
 

(a) Calculate the molar mass of juglone. 
 

(b)  A sample of 1.56 × 10
-2 

g of pure juglone was extracted from black walnut husks. Calculate the number of 

moles of juglone present in this sample 

For my visual learners here is another way to look at it: 
 

 
 
 

 
 

Simply reproduce this map on your scratch paper until you no longer need to since the image will  be burned 

into your brain! 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

MULTIPLY [by  the conversion  factor  on the arrow]  when  ȰÔÒÁÖÅÌÉÎÇȱ IN THE 
DIRECTION OF THE ARROW and obviously,  divide  when  ȰÔÒÁÖÅÌÉÎÇȱ against  
an arrow.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MOLAR  MASS AND FORMULA  WEIGHT  

 

¶ molar mass, MM --the sum of all of the atomic masses in a given chemical formula in units of g/mol. 

It is also equal mass in grams of Avogadroôs number of molecules; i.e. the mass of a mole 

 

¶ formula weight--same as molecular weight, just a language problem F ñmolecularò implies covalent 

bonding while ñformulaò implies ionic bonding {just consider this to be a giant conspiracy designed to 

keep the uneducated from ever understanding chemistryðkind of like the scoring scheme in tennis}. 

Just use ñmolar massò for  all formula  masses. 

 

¶ A WORD ABOUT SIG. FIG.ôsðIt is correct to ñpullò from the periodic table the least number of sig. 

figs for your MMôs as are in your problemðjust stick with 2 decimal places for all MMôs ðmuch 

simpler! 
 
 

 

 

 

 

STOICHIOMETRIC CALCULATIONS:  AMOUNTS OF REACTANTS AND PRODUCTS 

 

Stoichiometry ï The study of quantities of materials consumed and produced in chemical reactions. 

Stoichiometry is the most important  thing you can learn as you embark upon AP Chemistry! Get good at this 

and you will  do well all year. This NEVER goes away! 
 

Exercise 8:  
Calcium carbonate (CaCO3), also called calcite, is the principal mineral found in limestone, marble, chalk, 
pearls, and the shells of marine animals such as clams. 

 

(a) Calculate the molar mass of calcium carbonate. 
 
 
 
(b) A certain sample of calcium carbonate contains 4.86 moles. Calculate the mass in grams of this sample. 

Calculate the mass of the CO3
2- 

ions present. 

 



Another way to write the ratios: 
2 moles H2 = 1 mole O2 

2 moles H2 = 1 mole H2O 
1 mole O2 = 2 moles H2O 
 
 
Χ ȅƻǳ ǎŜŜ ǿƘŜǊŜ ǿŜ ŀǊŜ ƎƻƛƴƎ ǊƛƎƘǘ J 

Exercise 9: 

Use the following equation for the questions below:     N2 + 3 H2 Ą 2 NH3 
(a) How many moles of NH3 will be formed if 4.3 moles of N2  react? 

 
 
 
 
 

(b) How many moles of hydrogen do I need to react with 3 moles of nitrogen? 

 

For example:  
 

Na3PO4 +  3 KOH Ą  3 NaOH +   K3PO4 
 
 
We would write the molar ratio for the above reaction as 1:3:3:1 
 
The molar ratio tells us how many moles are needed to completely react and the ratio that they react 
 
So another way to read this would be that 1 mole of sodium phosphate will react with 3 moles of potassium 
hydroxide to produce 3 moles of sodium hydroxide and 1 mole of potassium phosphate 
 
 
 
Some more examples: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ELEMENTS  THAT  EXIST AS MOLECULES  

Pure hydrogen, nitrogen, oxygen and the halogens exist as DIATOMIC  molecules under normal conditions. 

MEMORIZE!!!  Be sure you compute their molar masses as diatomics. We lovingly refer to them as the ñgensò, 

ñHydrogen, oxygen, nitrogen & the halogens!ò 

 

Others to be aware of, but not memorize: 

¶ P4ðtetratomic form of elemental phosphorous; an allotrope 

¶ S8ðsulfurôs elemental form; also an allotrope 

¶ Carbonðdiamond and graphite Fcovalent networks of atoms 

 
Now we will look at using stoichiometry AND a balanced chemical equation to convert from one type of molecule 
ǘƻ ŀƴƻǘƘŜǊ ŀŎŎƻǊŘƛƴƎ ǘƻ ŀ ƳƻƭŀǊ ǊŀǘƛƻΧ 
 
DonΩt forget about our easy to use Stoichiometry mapΧ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Exercise 10: 

Solid lithium hydroxide is used in space vehicles to remove exhaled carbon dioxide from the living 
environment by forming solid lithium carbonate and liquid water. What mass of gaseous carbon dioxide 
can be absorbed by 1.00 kg of lithium hydroxide? 

   2 LiOH  +  CO2  ᵶ  Li2CO3    +  H2O 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Percent Composition (by mass): The Law of Constant Composition states that any sample of a pure 

compound always consists of the same elements combined in the same proportions by mass. Remember, all 

percent calculations are simply 
part

 
whole 

³100% 

 

% comp =   mass of desired element × 100% 

total mass of compound 
 

Consider ethanol, C2H5OH 

 

Mass % of C = 2 mol × 12.01 

 

 

g 

mol 

 

 
 

= 24.02 g 

Mass % of H = 6 mol × 1.01 
g 

mol 
= 6.06 g 

Mass % of O = 1 mol × 16.00 
g 

mol 
= 16.00g 

Mass of 1 mol of C2H5OH = 46.08 g 

Exercise 11:  

Baking soda (NaHCO3) is often used as an antacid. It neutralizes excess hydrochloric acid secreted 

by the stomach according to the following balanced equation: 

 

NaHCO3(s) + HC1(aq) Ÿ NaC1(aq) + H2O(l) + CO2(g) 
 
How many moles of acid will 12.3 grams of baking neutralize? 
 
 
 
 
 
What volume of gas will be released after all of the acid is neutralized above (this is why antacids cause burping)? 



NEXT, THE MASS PERCENT CAN BE CALCULATED:  

 

Mass percent of C = 24.02 g C  × 100% = 52.14% 

46.08 g 

Repeat for the H and O present. 

 

 
 

 

 

Exercise 8 Calculating Mass Percent I  

Carvone is a substance that occurs in two forms having different arrangements of the atoms but the same 

molecular formula (C10H14O) and mass. One type of carvone gives caraway seeds their characteristic smell, and

the other type is responsible for the smell of spearmint oil. Calculate the mass percent of each element in

carvone. 

C = 79.96% 

H = 9.394% 

O = 10.65% 

Exercise 9 Calculating Mass Percent II  

Penicillin, the first of a now large number of antibiotics (antibacterial agents), was discovered accidentally by 
the Scottish bacteriologist Alexander Fleming in 1928, but he was never able to isolate it as a pure compound. 

This and similar antibiotics have saved millions of lives that might have been lost to infections. Penicillin F has 

the formula C14H20N2SO4. Calculate the mass percent of each element. 

C = 53.82% 

H = 6.47% 

N = 8.97% 

S = 10.26% 

O = 20.49% 



 

 

DETERMINING  THE FORMULA  OF A COMPOUND 

 

 

 
When faced with a hydrocarbon compound of ñunknownò formula, one of the most common techniques is to 

combust it with oxygen to produce oxides of the nonmetals CO2 and H2O which are then collected and 

weighed. 

 

¶ Calculating empirical and molecular formulas: empirical formulas represent the simplest or smallest 

molar  ratio of elements within a compound while molecular formulas represent the actual numbers of 

elements within a compound. The empirical mass is the least common multiple  of the molar mass. 

 

Example: CH2O is the empirical for a carbohydrateðget it? ñcarbon watersò. 
 

Anyway, glucose is a perfect example of a carbohydrate (a sugar to be exact) with an empirical molar 

mass of 12 + 2(1) + 16 = 30 g/mol and since glucose is 6 units of CH2O which is equivalent to (CH2O)6 

or C6H12O6; the empirical mass of 30 is also multiplied by 6. Thus the MM of glucose is 180 g/mol. 

 

 

Other twists and turns occurring when calculating molar masses involve: 

 

¶ hydratesðwaters of hydration or ñdot watersò. They count in the calculation of molar masses for 

hydrates and used to ñcementò crystal structures together 

 

¶ anhydrousðmeans without waterðjust to complete the storyðjust calculate the molar masses of 

anhydrous substances as you would any other substance 

 

 

We can also use percent composition data to determine the formula of a variety of unknown compoundsé which 

makes this technique and information very applicable. 

 

  Think about ité. When was the last time that you wanted to know ñwhat something was made of?ò 

 

Deducing Empirical formulas: 

 

Really, an empirical formula is just an experimentally determined formula.  

 

 An empirical formula is often calculated from elemental composition data. The weight percentage of each 

of the elements present in the compound is given by this elemental composition. 

  

 

The trick to making empirical formulas easyé.  

 

Understand that you will need to convert everything to moles and then create a molar ratio! 

 

 

 

 



 

 

 

 

¶ Make your problem solving life easy and assume a 100 gram sample if  given %ôs 

 

Å that way you can convert the percents given directly into grams and subsequently into moles in 

order to simplify your life!  

 

 
 

 
 

Exercise 10 
Determine the empirical and molecular formulas for a compound that gives the following analysis in mass 

percents: 

71.65% C1 24.27% C 4.07% H 

The molar mass is known to be 98.96 g/mol. 

Empirical  formula  = CH2 C1 

Molecular formula  = C2H4C12 

Exercise 11 
A white powder is analyzed and found to contain 43.64% phosphorus and 56.36% oxygen by mass. The 

compound has a molar mass of 283.88 g/mol. What are the compoundôs empirical and molecular formulas? 

 

 

 

 

 

 

 

 

 

 

 
Empirical  formula  = P2O5 

Molecular formula  = (P2O5)2 or P4O10 



 
 

 

Gaining a deeper understanding of empirical formulas (AP level question): 
 

 
 

 
 

Exercise 12 

Caffeine, a stimulant found in coffee, tea, and chocolate, contains 49.48% carbon, 5.15% hydrogen, 

28.87% nitrogen, and 16.49% oxygen by mass and has a molar mass of 194.2 g/mol. Determine the molecular 

formula of caffeine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Molecular formula  = C8H10N4O2 



BALANCING CHEMICAL  EQUATIONS  

 

Chemical reactions are the result of a chemical change where atoms are reorganized into one or more new 

arrangements. Bonds are broken [requires energy] and new ones are formed [releases energy]. A chemical 

reaction transforms elements and compounds into new substances. A balanced chemical equation shows the 

relative amounts of reactants [on the left] and products [on the right] by molecule or by mole. 

 

Subtle details: 

¶ s, l, g, aqðstate symbols that correspond to solid, liquid, gas, 

aqueous solution 

 

 

¶ NO TIME is alluded to! 

 

¶ Antoine Lavoisier (1743-1794)ðThe Law of Conservation of Matter: matter can be neither created nor 

destroyed F this means you having to ñbalance equationsò is entirely his fault!! 

 

BALANCING CHEMICAL  EQUATIONS  

¶ Begin with the most complicated-looking thing (often the scariest, too). 

¶ Save the elemental thing for last. 

¶ If  you get stuck, double the most complicated-looking thing. 

¶ MEMORIZE THE FOLLOWING: 

¶ metals + halogens Ą MaXb 

¶ CxHy and  O2 Ą CO2(g) + H2O(g) 

¶ H2CO3 [any time formed!] Ą CO2 + H2O; in other words, never write carbonic acid as a 

product, it spontaneously decomposes [in an open container] to carbon dioxide and water 

¶ metal carbonates Ą metal OXIDES + CO2 

 
 
 

Letôs try some simple examples together: 

 

    N2 (g)  +    H2 (g)  Ӱ    NH (g)        CH4 (g)  +    O2 (g)  Ą     CO2 (g)  +     H2O (g) 
 

 

 

 

 

 
 
 
 
 
 

Whenever you are given a chemical equation ALWAYS  

check to see if it is balanced before using it in a problem 

in any way!!!!!!!



 

 
 

 
 

 

 

Exercise 13 

Chromium compounds exhibit a variety of bright colors. When solid ammonium dichromate, (NH4)2Cr2O7, 
a vivid orange compound, is ignited, a spectacular reaction occurs. Although the reaction is actually somewhat 

more complex, letôs assume here that the products are solid chromium(III) oxide, nitrogen gas (consisting of N2 

molecules), and water vapor. Balance the equation for this reaction. 

 

 

 

 

 

 
(NH4)2Cr2O7(s) Ÿ Cr2O3(s) + N2(g) + 4H2O(g) 

(4 × 2) H (4 ×2) H 

http://www.youtube.com/watch?v=CW4hN0dYnkM 

Exercise 14 

At 1000ºC, ammonia gas, NH3(g), reacts with oxygen gas to form gaseous nitric oxide, NO(g), and water vapor. 

This reaction is the first step in the commercial production of nitric acid by the Ostwald process. Balance the 

equation for this reaction. 
 

 

 

 

 

 

 

4 NH3(g) + 5O2(g) Ÿ 4NO(g) + 6H2O(g) 

http://www.youtube.com/watch?v=CW4hN0dYnkM


 

CALCULATIONS INVOLVING A LIMITING REACTANT  

 

Ever notice how hot dogs are sold in packages of 10 while the buns come in packages of 8? Whatôs up with 

that?! The bun is the limiting reactant and limits the hot dog production to 8 as well! The limiting reactant [or 

reagent] is the one consumed most entirely in the chemical reaction. 

 

Letôs use a famous process [meaning one the AP exam likes to ask questions about!], the Haber process.    

This reaction is essentially making ammonia for fertilizer production from the nitrogen in the air reacted with 

hydrogen gas. The hydrogen gas is obtained from the reaction of methane with water vapor. This process has 

saved millions from starvation!! The reaction is shown below. 

 
 

 

 
 

 

 

 

Plan of Attack: First, youôll know you when you even need a plan of attack! IF ever you are faced with  TWO 

starting amounts of matter reacting, you have entered ñThe Land of Limiting  Reactantò. 
 

1.) Convert one of the amounts to the other given.  

a. If the calculated amount is MORE than the given then that is the limiting reactant 

 

 

 

 

b. If the calculated amount is LESS than the given then the other is limiting 

 

 
 

 

c. If they are the SAME then neither reactant is limiting 


