Name: __________________

Atomic Structure and Properties
Unit 1

(fi v e c l a s s p er i o ds )

Unit 1.1: Moles and Molar Mass
1) Moles
a) A word that represents a number, like a dozen = 12, a ream = 500, or a pair =2. A mole is
602,214,141,070,409,084,099,072 and is usually expressed as 6.022 x 1023
b) We use the mole to count atoms, like we use a dozen to count eggs or bagels. 1 doz bagels is 12 bagels, and 1
mole of copper is 6.022x1023 atoms of copper
c) Can be used like any conversion 1 mol = 6.022x1023 XX (where XX is literally anything!)
Example 1
0.5 mol is how many molecules of O2?

How many moles is 1.81 x 1024 atoms of gold?

How many atoms of each element are in 0.002 moles of Sulfuric acid (H2SO4)?

2) Relative masses of elements
a) Just as a 100 bowling balls and 100 peas would have different masses, so too would 100 Pb atoms and 100 C
atoms. Therefore 1 mol of Pb and 1 mol of C do not have equal masses though they are comprised of the same
number of atoms.
b) The mass of atoms has been a hotly contested subject for chemist
i) Dalton was the first to make a table of relative masses
(1) Used hydrogen
(2) However H doesn’t bond with metals so a new system was needed
ii) Berzelius used oxygen as it bonds with most other elements
(1) Issues arose with understanding of isotopes
(2) 16O was used as the standard
iii) IUPAC developed the model used today in 1960, based off 12C because it accounts for 98.9% of all carbons
c) 12C has a mass of EXACTLY 12 amu
i) 12g of 12C contains 6.022x1023 atoms of C
ii) the masses on the periodic table are the mass of 1 mole of that element
3) Molar mass or formula weight
a) The mass of 1 mole of a compound

b) Add the masses of the elements that make up the compounds formula
i) For ionic compounds we use the formula units as those are the ions we would find in a solution of that
compound
ii) For covalent compounds we use the actual number of atoms present

c) Again these can be used as conversions where 1 mol = Molar Mass of a compound in grams
Example 2
A

How many moles is in 9.00g
H2O?

How much would 2.00mol
CH4 weight?

Example 3
A cup of Starbucks coffee contains 36.0g of sugar, house hold sugar is sucrose (C12H22O11). How many
moles of sugar in a cup of coffee? How many molecules?

4) Average atomic mass -- Determined by a mass spectrometer

a) atoms or molecules are passed into a beam of high-speed electrons
b) this knocks electrons OFF the atoms or molecules transforming them into cations
c) apply an electric field
d) this accelerates the cations since they are repelled from the (+) pole and attracted toward the (−)pole
e) send the accelerated cations into a magnetic field
f) an accelerated cation creates its OWN magnetic field which perturbs the original magnetic field
g) this perturbation changes the path of the cation
h) the amount of deflection is proportional to the mass; heavy cations deflect little
i) ions hit a detector plate where measurements can be obtained.
5) Before mass spectroscopy the was a LOT of disagreement on what mass to use for comparison
a) <1850 the mass of atoms was based on Hydrogen (H = 1 atomic mass unit)
b) 1850-1956 used Oxygen
i) O = 16 amu
ii) Making H

1
16

of O

iii) Small problem, in 1919 isotopes were discovered. So which oxygen were you using? O with a mass of 17 or
18
iv) 1961 based off 126𝐶
(1) Was already a base in physics for masses
(2) More stable isotope, 99% of all carbon is carbon-12
1

(3) 1 amu = 12 mass of 1 126𝐶 nucleus

6) Average atomic mass
a) Weighted average of all known isotopes of an element
b) Taken off mass spectroscopy data, which is translated into
percent abundance in a select sample

𝐴𝑣𝑒𝑟𝑎𝑔𝑒. 𝐴𝑡𝑜𝑚𝑖𝑐. 𝑀𝑎𝑠𝑠 = (𝑚1 %1 ) + (𝑚2 %2 ) + (𝑚3 %3 ). ..
m# is the mass of the isotope in atomic mass units (amu) – comparison to 12C
%n is the percent abundance as a decimal (ex: 42% would be 0.42%, and 5% would be 0.05)
Example 4
When a sample of natural copper is vaporized and injected into a mass spectrometer, the results shown in the figure
are obtained. Use these data to calculate the average mass of natural copper. (The mass values for 63Cu and 65Cu are
62.93 amu and 64.93 amu, respectively.)

c)

GENERALLY the most stable isotope exhisits in the highest abundance, therefore it would contribute the most
the average atomic mass
i) Ex: C with an AAM of 12.01 has 4 isotopes, however carbon-12 is the most abundant.
ii) This is a generalization, and therefore NOT always true. For example Br has an average atomic mass of 79.9,
which would lead you to believe that the most common isotope of Br is bromine-80. However bromine only
has 2 isotopes, 81Br and 79Br, which are equally abundant.

Example 5
A sample of argon contains 2 isotopes 39Ar and 40Ar, given the average atomic mass of argon what is the percent
abundance of each isotope?

Unit 1.2: Elemental analysis
1) Percent composition
a) A method of discussing the makeup of a system
b) How much of a sample is element X
Example 6
If a sample is 5.0 g and is found to contain 3.75g C, and the rest is H, what percent is C? What percent is
H?

We can use a similar system from the perspective of moles
i)

From the molar mass of a compound and its formula we can
discuss the makeup of compound in terms of the percent of
each element that contributes to its mass

𝐹𝑜𝑟 𝑐𝑜𝑚𝑝𝑜𝑢𝑛𝑑 𝐴n 𝐵m
%𝐴 =

n𝐴
× 100
(n𝐴 + m𝐵)

Example 7
What is the present by mass of each element in ethanol (C2H5OH)?

ii) We can expand upon this; if we know the mass of a sample we can determine the amount of each element
that can be captured from a sample of the substance.
Example 8
What mass of carbon can be captured from 10g of ethanol (C2H5OH)?

2) Chemical formulas
a) Molecular formulas show the exact number of each atom present in
the compound. Used primarily for covalent compounds which from
individual molecules
b) Empirical formulas show the simplest ratio of one element to
another. Used primarily for ionic compounds which form large lattice
structures. However, can be used to express complex covalent
compounds in a simplified formula (ex: hydrocarbons, like sucrose
(C12H24O12) and Fructrose (C5H10O5) are often described as CH2O)
c) You can easily convert a molecular formula into an empirical formula by simplifying the ratio
d) Converting from an empirical formula to a molecular formula is a bit more
𝑬𝒎𝒑𝒊𝒓𝒊𝒄𝒂𝒍 = 𝑨𝒙 𝑩𝒚
complicated
𝑴𝒐𝒍𝒆𝒄𝒍𝒖𝒍𝒂𝒓 = (𝑨𝒙 𝑩𝒚 )𝒏
i) Since the formula is reduced by a whole number the mass is also
reduced by a whole number
𝑴𝑴𝒎𝒐𝒍𝒆𝒄𝒖𝒍𝒂𝒓
𝒏=
ii) Determine the whole number and you can find the molecular formula

𝑴𝑴𝒆𝒎𝒑𝒊𝒓𝒊𝒄𝒂𝒍
𝑴𝒐𝒍𝒆𝒄𝒖𝒍𝒂𝒓 = 𝑨𝒏𝒙 𝑩𝒏𝒚

Example 9
Write the empirical formula for each compound:
a. H2O
b. C2H2
c. As2O10

Example 10
A compound with the empirical formula of CH2O has a molar mass of 180g/mol, what is its molecular formula?

e) When asked to identify a compound, especially covalent compounds, a common practice is to burn the
substance. By burning it we react it with oxygen which always yield the same products, oxides of the elements
present. These oxides are easily identified and their approximate masses can be determined, from this data we
find the percent composition of a compound that is a particular element.

f)

It is possible to find the empirical formula from percent composition by determining the mol to mol ratio of each
element present.

g) The steps for doing this can be remembered by the poem:
Percent to mass
Mass to mole
Divide by small
Multiply till whole
Example 11
A white powder is analyzed and found to contain 43.64% P and 56.36% O by mass.

h) A portion of the sample is often held in reserve and added to a solvent, the solution’s boiling point is then
measured and using this elevation the samples molar mass can be determined. Meaning that if the molar mass
is given you should also be able to find the molecular formula of the compound using the methods we discussed
earlier.
Example 12
A white powder is analyzed and found to contain 43.64% P and 56.36% O by mass. (example 11)
The compound has a molar mass of 283.88 g/mol. What are the compound’s empirical and molecular
formulas?

3) Why do we do this?
a) To determine if a substance is pure or a mixture
b) Pure substances
i) Contain molecules, or formula units, of a single type
c) Mixtures
i) Contain molecules, or formula units, of two or more types
ii) Proportions can vary (if not desired these are referred to as impurities)
iii) Elemental analysis can be used to determine the purity

Unit 1.3: Atomic Structure

1) Coulombs Law
a) The force of attraction between two charged objects is proportional to the product of their charges divided by
the distance between them. A positive value is demonstrative of a repulsive force, while a negative value results
in attraction

𝑞1 𝑞2
𝐹𝑎 =
𝑑

Fa is the force of attraction
q1 is the charge of one object
q1 is the charge of one object
d is the distance between them

2) First ionization energy
a) The energy needed to remove 1 electron from an atom in its gaseous state
b) The neutral atom’s electron requires energy to remove, therefor we discuss this energy as a reactant that must
be added and is symbolized as positive. The ion & electron still “hold” this energy therefore as a product it could
be given off and is symbolized as negative
c) As nuclear charge (Z) increases the attraction (Fa) of electrons for the nucleus increases thus drawing the
electrons closer to the nucleus. This decreases the distance between the nucleus and the electrons thus more
energy is required to remove an electron
d) However, as electrons are drawn to the nucleus they repel each other and develop shells based on this
repulsion. This increases the distance between the nucleus and the electrons thus decreasing ionization energy
i) The first shell, the one closest to the nucleus, contains only 2 electrons. After that repulsion is too great for
any additional electrons to be that close, so a second shell develops further from the nucleus
ii) The second shell can contain the repulsion of up to 8
electrons before the repulsion is too great and another shell
must develop.
iii) If you look at the periodic table this information is easily
visible. In the first row there are two elements, these two
elements only have 1 & 2 electrons respectively. In the
second row there are 8 elements which correspond to
elements with 3 to 10 electrons, each of which would have 2
electrons in their first shell, and up to 8 in their second.
e) In summary: Ionization energy increases as your move across the period due to increased nuclear charge (Z),
and decreases as you move down a family due to increased number of shells (also known as principle energy
levels)

3) Bohr Models
a) A graphical representation of the layout of electrons around the nucleus of an atom based on the location of
electrons at various energy levels
Chlorine-52
b) Steps
i) In the center of your model symbolize the nucleus by writing the number
of protons and neutrons in the atom
ii) in concentric circles around your nucleus place your electrons.
Remember:
(1) the row number allows you to predict the number of energy levels
(circles) needed
(2) the number of electrons in that energy level corresponds to the
number of element s in that row, INCLUDING the element which you
are drawing
4) Photoelectron Spectroscopy
a) High intensity lazars provide MASSIVE amounts of energy to a small sample. A photoelectric plate registers
electrons that the sample emits and records the energy that the sample absorbed at that point
i) Peaks are representative of the number of electrons released at that energy. The larger the peak the more
electrons that were removed
b) Electrons in the same shell require the same amount of energy to escape

5) Electron Configuration
a) Sublevels are named based on their probability distributions
i) s sublevel/orbital
(1) can hold up to 2 electrons
(2) spherical
(3) elements in the first two families
(alkaline metals & alkaline earth
metals) have their highest energy level
electrons in this orbital
ii) p sublevel/orbital
(1) can hold up to 6 electrons
(2) named “partial,” and have a dumbbell
shape
(3) elements in groups 13 to 18 have their
highest energy level electrons in this
orbital
iii) d sublevel/orbital
(1) can hold up to 10 electrons
(2) named “dispersed” and have several complex shapes
(3) elements in groups 3 to 12 (transition metals) have their highest energy level electrons in this orbital
(4) Penetrate 1 energy level closer to the nucleus than s or p sublevels. Therefore, start at 3d NOT 4d
iv) f sublevel/orbital
(1) can hold up to 14 electrons
(2) named “fractal” and have several complex shapes
(3) elements in in the lanthanide and actinide series have their highest energy level electrons in this orbital
(4) Penetrate 1 energy level closer to the nucleus than d sublevels and 2 energy levels more than s or p
sublevels. Therefore, start at 4f NOT 5 (based on the d sublevel) or 6 f (based on the s sublevel)
b) Fill based on the Aufbau Principle, which provides which orbitals fill when.

Example 13
c) the
A complete electron configuration for each element
Write

a.)

Cl

b.)

I

d) Noble Gas Configuration
i) A short hand for the electron configuration
ii) Based off the “core electrons” of the atom
(1) Electrons found on the interior of the outer shell (valance shell)
(2) These electrons are nearer the nucleus and thus VERY difficult to remove, due to their strong attraction
and limited repulsion
(3) Occurs when an energy level fills
iii) Find the PREVIOUS noble gas and place its symbol in brackets. Then build the valence shell from that
element
Example 14
Write the noble gas configuration for each element

a.)

Be

b.)

U

6) Ions
a) The universe tends towards the lowest energy possible (water travels downhill, unstable nuclei undergo decay,
students would rather finger paint than learn chemistry etc.)
b) Noble gasses are atoms with very little energy
i) the amounts of electron repulsion is overcome by a strong effective nuclear charge resulting in atoms that
are extremely inert.
c) Atoms will gain, or lose, electrons to reach this lower energy state
d) Metals will lose electrons, making them cations (positively charged atoms).
e) Non-metals (generally) will gain electrons, making them anions (negatively charged atoms)
f) Electrons are lost from their valance shells!

7) Orbital Notation
a) Pictorial representation of energy levels and the electrons found with
in
b) 2 electrons can share an energy level provide they are spinning in
opposite directions
c) Two electrons cannot spin in the same direction in the same orbital
(Pauli’s exclusion principle)
d) Due to sharing each subshell is broken into orbitals
i) s orbital – 2 electrons therefore one orbital
ii) p orbital – 6 electrons, therefore 3 orbitals (px, py, & pz)
iii) d orbital – 10 electrons, therefore 5 orbitals
iv) f orbital – 14 electrons therefore 7 orbitals
e) Hund’s Rule -- Electrons only pair when there is no open space in an
orbital
Example 15
Draw the orbital diagram for the element Se

and O

8) Magnetism
a) Diamagnetic
i) “magnetism dies”
ii) Elements with few/no unfilled subshells,
therefore not magnetic
iii) Elements at the ends of blocks
b) Paramagnetic
i) “partially magnetic”
ii) Elements with several unfilled subshell,
therefore able to be influenced by a
magnetic field
iii) Elements in the middle of “blocks”
c) Ferromagnetic
i) Elements with LOTS of unfilled subshells
ii) Elements that are extremely magnetic
iii) Found in the middle of the d-block and f-block

Unit 1.4: Periodic Trends
Arrows
indicate the
largest /
strongest

1) YOU MUST KNOW 4 TRENDS! A trend is NOT an explanation, in order to get FULL
credit for the test you must also be able to explain a trend
a) Explaining a trend from left to right, remember nuclear charge
i) As atomic number increases there is an increase in the number of protons in the
nucleus, thus increasing nuclear charge (Z)
ii) Thus electrons experience a greater attration for the nucleus and are
concequently pulled closer to it

b) Explaining a trend from top to bottom, remember principle energy level (number of shells)
i) As atoms grain electrons those
electrons repel one another and
force additional elections into higher
energy levels
ii) At higher energy levels electrons are
further from the nucleus and thus
experience less attraction and
further away
2) Atomic Radius
a) The size of an atom, from the nucleus to where there is less than a 95% chance of finding an electron
b) Decreases as you move from left to right (across the period)
i) Increased nuclear charge (Z) causes electrons to experience a greater attraction for the nucleus, thus are
pull in closer, shrinking the atom
c) Increases as you move from top to bottom (down a family)
i) Increased number of electrons cause electrons to repel each other thus producing more shells around the
nucleus, these shells which are further from the nucleus contain electrons that have a lower attraction for
the nucleus and are thus further away
3) First Ionization Energy
a) The amount of energy needed to remove an electron from an atom in its gaseous state
b) increases as you move from right to left (across the period)
i) Increased nuclear charge (Z) causes electrons to experience a greater attraction for the nucleus, thus are
pull in closer, shrinking the atom. Electrons nearer the nucleus have less initial energy and thus require
more to be removed
c) decreases as you move from top to bottom (down a family)
i) Increased number of electrons cause electrons to repel each other thus producing more shells around the
nucleus, these shells which are further from the nucleus contain electrons that have a lower attraction for
the nucleus and are thus further away. Electrons further from the nucleus have more initial energy and thus
require less energy to remove.
4) Electronegativity
a) How attractive electrons from neighboring atoms are for the nucleus of an atom
b) A scaled, developed by Linus Pauling,
of values form 0 (noble gases) to 4
(fluorine) assigned to each element
based on this attraction.
c) increases as you move from right to
left (across the period)
i) Increased nuclear charge (Z) causes
electrons to experience a greater
attraction for the nucleus, thus are
pull in closer, shrinking the atom.
Since the atom is smaller,
neighboring electrons are able to
get closer to the nucleus thus
causing a higher electronegativity value

d) decreases as you move from top to bottom (down a family)
i) Increased number of electrons cause electrons to repel each other thus producing more shells around the
nucleus, these shells which are further from the nucleus contain electrons that have a lower attraction for
the nucleus and are thus further away. Since the atom is larger the nucleus is shielded from neighboring
electrons by its many layer of electrons which repel those electrons
5) Ionic Radius
a) Atoms will gain or lose electrons to reach a lower energy
state
i) Metals will lose electrons, forming positive ions
(cations)
ii) Nonmetals will gain electrons, forming negative ions
(anions)
b) When an atom gains electrons those electrons are added to
its valence shell thus expanding the atoms radius due to
repulsive forces
c) When an atom loses electrons those electrons are removed
from the atoms valence shell thus reducing repulsive forces
and reducing the atoms radius.

