3.091: Introduction to Solid State Chemistry
Maddie Sutula, Fall 2018

Do yourself a solid.
Recitation 2

1 Avogadro and moles

When balancing a reaction or determining its yield, it was really important to keep track of the number of
each kind of atom before and after the reaction. Atoms can be difficult to account for in real life due to their
minuscule size. Instead, we usually keep track in moles: a mole consists of Avogadro’s number of atoms (or
molecules), or 6.022 X 10?3 atoms or molecules per mole.

Critically, we can convert from moles to a value that is easy to measure in a lab: mass. The molar mass
of a a substance is defined to be the number of grams in one mole of that substance. The molar mass of a
single element is also called the atomic mass; the molar mass of a compound can be obtained by summing
the molar mass of the constituent elements.

Example: How many moles of nickel are in 102 g of nickel? How many moles of HyO are in 50 g of

water? T
mo 1

102g NiX —— =1.74 1 Ni

02e NiX seogng T4 molNi

1 mol H,O

50 g H0 X
& 72X 15,099 + 2 x 1.0107) g HoO

= 2.77 mol H,O

2 Periodic table

The periodic table is our key to solving problems! It contains a wealth of information that we can use to
understand and calculate the properties of materials. The elements are organized by the number of protons:
the rows are called periods, and the columns are called groups. Atoms are made up of positively charged
protons, neutral neutrons, and negatively charged electrons. Protons and neutrons live at the center of the
atom: together, these are the main source of mass. Electrons orbit around the protons and neutrons (more
on this later). An example Bohr model of carbon is shown here:

We can read off many properties of atoms from the periodic table: An atom has the same number of protons

Atomic number——|6
# protons = # electrons C«——Element symbol
Element name — Carbon
12.011«<—Atomic mass

# protons + # neutrons
[AMU] or [g/mol]

and electrons. The atomic mass is the sum of the number of protons and neutrons: it is the average mass
of one atom of each element. The units of atomic mass are AMU (atomic mass units, = 1/12 the mass of
a carbon-12 isotope), or equivalently (due to a convenient convention), the number of grams in a mole of a
substance.
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3 Isotopes

You may have noticed that the atomic masses on the periodic table aren’t integers, even though the number
of protons + neutrons must be an integer. The number represented as atomic mass is really the average
atomic mass, where a weighted average is taken over the possible isotopes of an atom. An isotope is an
atom that has a few extra (or missing) neutrons, and therefore a different atomic mass. Isotopes are usually
written like this:

A

ZX
Here, X is the element symbol, Z is the atomic number, and A is the atomic mass. The number of neutrons
in the isotope is just

# neutrons = A — 7

Example: Complete the following table:

Isotope | Abundance | Atomic mass (amu)
851 92.18% 28
»8i ? 29
*St 3.12% ?

From the periodic table, the average atomic mass of silicon is 28.0855 amu. First, we can solve for the
percentage of 22Si by using the fact that the total abundance must sum to 100%:

100% = 92.18% +3.12% + y

y=4.71%

Then, we can use a weighted average to calculate the atomic mass and determine what the third isotope is:
28.0855 = 0.9218 X (28amu) + 0.0471 X (29amu) + 0.0312x

z =30

4 Combustion

A combustion reaction occurs when a substance reacts with oxygen gas, producing light and heat.

Example: If you put 400 g of sugar (glucose) into a 1m?3 box, light it on fire, and quickly seal the
box, would there be enough oxygen to completely combust the sugar? Write a balanced reaction; determine
the limiting reagent and yield.

Density of air: 1.225 g/L = 1.225 kg/m?

Ozxyten weight percentage in air: 23.2%

Chemical forula of glucose: CgH1204

We can try to match the number of moles in the glucose by adjusting the coefficients on the right side.
This gives the right number of C and H. Finally, we can adjust the coefficient on the oxygen to get a bal-
anced reaction:

CsH1206 + 605 — 6C Oy + 6H50
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To determine the limiting reagent, we need to figure out how many moles of each reactant we have:

1 mol glucose
(6 x 12.0107 4+ 12 x 1.01 4+ 6 x 15.999) g glucose

400 g glucose X = 2.22 mol glucose

Next, we need to determine how much oxygen is in the box:

1.225 kg ai 1 1 mol
5 kg air % 000g % 0.232 X mol oxygen

1 m? air x
AT TS air kg 2 x 15.999 g oxygen

= 8.88 mol oxygen

where the multiplication by 0.232 to account for the fact that air is 23.2% oxygen.

We need 6 times as much oxygen as glucose to fully react, and 6.66/2.22 < 6, so oxygen is the limiting
reagent. We can use the limiting reagent to calculate the yield:

1 mol H,O (2 x 1.01 + 15.999) g H,O

8.88 ¢ O
82X 0, * 1 mol H,0

= 158.8 ¢ H,0
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