South Garland High School Chemistry
Mr. Doolan

Stoichiometry

ATOMIC MASSES AND ISOTOPES:



12

C or Carbon 12—In 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 spectrometer—a device for measuring the mass of atoms or molecules

What happens in a mass Spectrometer:

o
o
o
o
o
o
o

atoms or molecules are passed into a beam of high-speed electrons
this knocks electrons OFF the atoms or molecules transforming them into cations
apply an electric field
this accelerates the cations since they are repelled from the (+) pole and attracted toward the (−) pole
send the accelerated cations into a magnetic field
the amount of deflection is proportional to the mass; heavy cations deflect little
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:
𝑀𝑎𝑠𝑠 13𝐶
= 1.0836129 ∴ 𝑀𝑎𝑠𝑠 13𝐶 = (1.0836129)(12𝑎𝑚𝑢) = 13.003355 𝑎𝑚𝑢
𝑀𝑎𝑠𝑠 12𝐶

What makes isotopes different masses?

Different Notations that you may see isotopes/elements written:

Exercise 1: Use the following information provided to fill in the missing pieces of the table:
Abbreviation
Element
# Protons
# Neutrons
# Electrons
Mass
Name
Number

Al
Ca
Cl-1
N-3

Aluminum
Chloride

13

27
21
19
15

Hyphen
Notation

Nuclear
Notation

SOOOOOO… why in the world are we concerned with isotopes?
Let’s look at this sample of chlorine:
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 chlorine…
Chlorine – 35
Chlorine – 37

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! Here is what we would see from the mass spectrometer…

Mr. Doolan… this doesn’t make sense! We have over 100…
Converting Relative abundance to a percentage
Well anytime we need a percentage the formula is ALWAYS the same:

𝑃𝑎𝑟𝑡
× 100% = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒
𝑊ℎ𝑜𝑙𝑒

Moral of the story… PAY 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?
You do it the same way you calculate your grades in your classes….

You will take your amount and multiply it by the
percent abundance…
Then add all of the values together

OK, so let’s go back to our chlorine example and apply this to calculate a weighted average mass of the element
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.

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%

Alright, now let’s formally define average atomic mass…

Average atomic mass –
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
This one is easy to calculate… all you do is add up the mass of each element present in a compound
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

A lot of students wonder where this number actually comes from… I mean why 6.02 x 1023
We discussed earlier that the masses of all of the elements were relative to the mass of a Carbon-12 atom
Well… how much does one atom actually weigh in real life?
Consider 1 atom of C-12
6 protons x 1.67 x 10-24 g/proton
6 neutrons x 1.67 x 10-24 g/neutron
6 electrons x 9.11 x 10-27 g/electron

= 1.002 x 10-23 g
= 1.002 x 10-23 g
= 5.446 x 10-26 g

2.010 x 10-23 g/atom

Mole = 6.02 x

23
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Don’t get too hung up on this! We are all familiar with using words to describe numbers. For example:

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 the mass / amount / number of for elements
In chemistry we must be able to quantify “How many?” or “How much?”

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 analysis you have already mastered the basics of stoichiometry….
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?

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

MULTIPLY [by the conversion factor on the arrow] when “traveling” IN THE
DIRECTION OF THE ARROW and obviously, divide when “traveling” against
an arrow.
Simply reproduce this map on your scratch paper until you no longer need to since the image will be burned
into your brain!
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 × 102 g of pure juglone was extracted from black walnut husks. Calculate the number of
moles of juglone present in this sample

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 CO32 ions present.

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 Avogadro’s number of molecules; i.e. the mass of a mole



formula weight--same as molecular weight, just a language problem 
“molecular” implies covalent
bonding while “formula” implies ionic bonding {just consider this to be a giant conspiracy designed to
keep the uneducated from ever understanding chemistry—kind of like the scoring scheme in tennis}.
Just use “molar mass” for all formula masses.



A WORD ABOUT SIG. FIG.’s—It is correct to “pull” from the periodic table the least number of sig.
figs for your MM’s as are in your problem—just stick with 2 decimal places for all MM’s —much
simpler!

STOICHIOMETRIC CALCULATIONS: AMOUNTS OF REACTANTS AND PRODUCTS
Stoichiometry – 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!

First you have to be proficient at the following no matter which method you choose!:
 Writing CORRECT formulas—this requires knowledge of your polyatomic ions and being able to
use the periodic table to deduce what you have not had to memorize. Review you nomenclature
notes if you do not know how to do this or you forget.
 Calculate CORRECT molar masses from a correctly written formula
 Balance a chemical equation – We WILL NOT do this at first. We will learn this later and add it in!
For now all of your chemical equations will be balanced for you
 Use the mole map to calculate the number of moles or anything else!
Remember the mole map? It will come in mighty handy as well!

Another way to write the mole map is:
1 mole = 6.02 x 1023 particles
1 mole = Formula mass (in grams)
1 mole = 22.4 Liters of gas @ STP
# of moles = Molarity x Volume

Molar ratios are used to convert between moles of 1 type of compound
to moles of another type of compound using coefficients from a
balanced chemical equation

For example:

Na3PO4 + 3 KOH  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:

Another way to write the ratios:
2 moles H2 = 1 mole O2
2 moles H2 = 1 mole H2O
1 mole O2 = 2 moles H2O

… you see where we are going right 
Exercise 9:
Use the following equation for the questions below:
N2
(a) How many moles of NH3 will be formed if 4.3 moles of N2 react?

+ 3 H2  2 NH3

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

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 “gens”, “Hydrogen, oxygen, nitrogen & the halogens!”
Others to be aware of, but not memorize:
 P4—tetratomic form of elemental phosphorous; an allotrope
 S8—sulfur’s elemental form; also an allotrope
 Carbon—diamond and graphite covalent networks of atoms
Now we will look at using stoichiometry AND a balanced chemical equation to convert from one type of
molecule to another according to a molar ratio…
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 ⇌ Li2CO3 + H2O

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) → 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)?

