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Atomic Models
Topic 1
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Orbitals are sometimes called electron clouds because they do not have
sharp boundaries. Orbitals show where electrons are most likely to be.



Ground vs. Excited State
Topic 2

Ground State: most probable electron location (lowest energy level possible).

State: place an electron goes after gaining a specific amount of energy.
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Examples of Excited States!

What happens to the electron contiguration of Aluminum if an electron
from the second energy level jumps to the 3rd energy level?

Ground State:

2-8-3

Excited State:

2.7-4



Pick out the Excited State Configurations

2-8-1 Ground
2-8-1-1 Excited
2-7-6 Excited
2_5 Grouno

s energy released when the electron jumps from the ground state to
the excited state, OR when the electron talls back down tfrom the

i ?
excited state to the ground state” “ALLS BACK DOWN!



Electromagnetic Spectrum

| Visible spectrum |
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Light Provides Information about Electrons

Normally, if an electron is in a state of lowest possible energy, it
is in a ground state. If an electron gains energy, it moves to an
excited state.

An electron in an excited state will release a specitic quantity of
energy as it quickly “falls” back to its ground state.

This energy is emitted as certain wavelengths of light, which
give each element a unique line-emission spectrum.



Bright-Line Spectra

The specific set of frequencies of energy emitted by atoms as they
return to the ground state produces a unique light, which can be
separated into a bright-line spectrum. This can be either an

emission spectrum (pictured below) or an absorption spectrum,
depending if the gas is hot or cold.
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Other Bright-Line Spectra

Every element has its own unique spectrum, and could be thought
of as the “fingerprint” of that element. A spectrum of samples of
unknown composition can be observed in order to identify the
elements present.
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Check for Understanding - How all this Works!!

As electrons go from ground state to excited state, they must Absorb

(absorb or release) energy.

This process is Endothermic (endo- or exothermic). The opposite is true
as electrons “de-excite” or relax back to the ground state. They must give up or
Emit (emit or absorb) energy.

Since this results in the electron (atom) giving up energy, it is
Exothermic (endo- or exothermic). The energy is observed as

some color of  Light

f examined through a spectroscope, the element’s characteristic Bright
ine spectrum will be observed, and may serve to identify the element.




Regents Practice #1

An electron 1n an atom moves from the ground state to an excited state
when the energy of the electron

(1) decreases

(2) 1increases

(3) remains the same



Regents Practice #2

Base your answers to these questions on the Ma-26 nucleus
vIg-Zb NUCIeUs

diagram to the right, which represents an _—
atom of magnesium-26 in the ground state.
|

What is the total number of valence
electrons in an atom of Mg-26 in the grouna
state? 5

There are (2-8-2) = 12 TOTAL electrons



Regents Practice #3

On the diagram below, write an appropriate number of electrons
in each shell to represent a Mg-26 atom in an excited state. Your
answer may include additional shells. (Many possible answers.)

Mg-25 nucleus






Weighted Atomic Mass

# Protons: determine which element an atoms is = ATOMIC NUMBER
# electrons: determine the charge on an atom

Protons = electrons: atoms are neutral

Protons > electrons: ION (cation), positively charged (lost electrons)

Protons < electrons: |ON (anion), negatively charged (gained
electrons)

# neutrons: determines the mass number of an atom (protons +
neutrons).



Weighted Atomic Mass

Mass Number = protons + neutrons for an individual atom. It's a
WHOLE number.

Atomic mass = weighted average of mass of all naturally occurring
isotopes of an element. This is the DECIMAL on the periodic table.

Isotopes = 2 atoms of the same element having the ditftferent number
of neutrons.

NOTE: All atoms of an element are isotopes of that element.



Weighted Atomic Mass

Look at your periodic tables ... carbon’s atomic mass is 12.011 u (mass
units). SO, what is the mass of carbon’s most abundant isotope? (Yes, we

did learn this earlier this year!)

Closest to 12, so C-12 is the most abundant

Abundant means LOTS

Most elements have 1, 2, or 3 naturally occurring isotopes. This means
that in any sample of the element, these naturally occurring isotopes are
all present typically always in the same % ratio.



Isotope Example

C-12: 6 protons, 6 neutrons (90% abundance)
C-13: 6 protons, 7 neutrons (9% abundance)
C-14: 6 protons, 8 neutrons (1% abundance)

% abundance of naturally occurring isotopes means that in a sample of carbon (like
a lump of coal or a diamond) 90% of the carbon atoms will be carbon-12, 9% will

be carbon-13, and 1% will be carbon-14.

Since not all the atoms in a sample of an element have the same mass, we have to
calculate an average atomic mass for the element. The average atomic mass is
calculated taking into account the different percents of each isotope present.



Average Atomic Mass Example

Here's the equation (it's NOT in Table T!I)

Atomic mass = (% isotope 1 x mass isotope 1) + (% isotope 2 x mass Isotope 2) + (%o isotope 3 x mass Isotope 3
100

| et’s calculate the atomic mass of carbon!



Allotropes

What does this word sound like? Why do you think many people get this confused?

Allotropes: When elements exist in 2 or more different forms. Same atoms,
same element, different structure, different formula.

Only a few elements exist like this.
ALLOTROPIC FORMS OF CARBON
Carbon

Oxygen
Sulfur
Phosphorus

rraphite diamond fullerene




Allotrope Examples

Sultur & Phosphorus

o £

Sulfur S
uur8

5}! :

Diatomic Oxygen Molecule Ozone Molecule

Whi te Phosphorus Black Phosphorus



Regents Practice

The weighted atomic mass of a substance 1s

1. the most abundant 1sotope

21 The average of all naturally occuring 1sotopes

3. The atomic number of an element

4. Always the same as the number of protons plus neutrons



Trends of the Periodic Table
Topic 4
* Take out your Periodic Table ... What happens to:

* # of valence electrons as you go left to right across a period?

* # of valence electrons as you go down a group?

* # of energy levels as you go left to right across a period?

* # of energy levels as you go down a group?

* Atomic radius (size) as you go left to right across a period? (Table S)
* Atomic radius (size) as you down a group? (Table S)

* Metallic character as you go left to right across a period?

* Metallic character as you go down a group?


https://pubchem.ncbi.nlm.nih.gov/periodic-table/#property=None
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First

Atomic Symbol Name Ionization Elect'r(.)- Melfing Boi]%ng* Density** Aton}ic
Number Energy  negativity Point Point (g/cm3) Radius
(kJ/mol) (K) (K) (pm)
1 H hydrogen 1312 2.2 14 20. 0.000082 32
2 He helium 2372 — — 4 0.000164 37
3 Li lithium 520. 1.0 454 1615 0.534 130.
4 Be beryllium 900. 1.6 1560. 2744 1.85 99
5 B boron 801 2.0 2348 4273 2.34 84
6 C carbon 1086 2.6 — — — 75
7 N nitrogen 1402 3.0 63 77 0.001145 71
8 O oxygen 1314 3.4 54 90. 0.001308 64
9 F fluorine 1681 4.0 53 85 0.001553 60.
10 Ne neon 2081 — 24 27 0.000825 62
11 Na sodium 496 0.9 371 1156 0.97 160.
12 Mg magnesium 738 1.3 923 1363 1.74 140.
13 Al aluminum 578 1.6 933 2792 2.70 124
14 Si silicon 787 1.9 1687 3538 2.3296 114
15 P bhosphorus (white) 1012 2.2 317 554 1.823 109
16 S sulfur (monoclinic) 1000. 2.6 388 718 2.00 104
17 Cl chlorine 1251 3.2 172 239 0.002898 100.
18 Ar argon 1521 — 84 87 0.001633 101
19 K potassium 419 0.8 337 1032 0.89 200.
20 Ca calcium 590. 1.0 1115 1757 1.54 174



Atomic Radius: the “Falling Snowman”
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ELECTRONEGATIVITY

e Force of attraction the atom has for an electron. “Desire” for
electrons.

* Which do you think would have greater electronegativity; metals or
nonmetals? __Nonmetals  \Why??

* Look at Table S. Which element has the highest electronegativity?
* Why?

Fluorine only wants 1 e-, so strong desire, and small
so valence shell close to pull ot electrons



lonization Energy

* the amount of energy needed to remove an electron from the atom. (The more energy,

the harder to remove.)

* Which do you think would have higher ionization energy; metals or nonmetals?

Nonmetals \why??

* Which element has the highest ionization energy? He

¢ Why?? :
Full shell, small 1
size, so e- close to -
nucleus & held =
tightly. ’

VERY STABLE
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Metallic Character

lose

* Describes how readily an atom will electrons to become an

lon.

® Let's refresh our memory about the properties of metals vs.
nonmetals...

— O
® conduct electricity 65 ot condael

- - O
eshiny, reflective luster dull or pearly / no luster

=
sisllcable orittle

®\want to gain electrons
®\want to lose electrons



Metallic Character Trends

* Based on what you already know about the periodic table, identify the

trend in metallic character as you go down a group and from left to

right across a period.
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Reactivity - Metals

lose

* For METALS, they are more reactive if they electrons

easily.

* So, which element is the MOST reactive METAL? _ T Why?

* Group 1: only wants to lose 1 e- to become stable. REALLY
wants to lose it.

* | argest group 1, so e- to lose is tarthest away from pull of the
nucleus.




Reactivity - Nonmetals

* For NONMETALS, they are more reactive it they 8N o ctrons
easily.

* So, which element is the MOST reactive NONMETAL? _¥  Why?

* Halogen, only needs 1 e- to become stable so it REALLY wants
one.

* Smallest halogen, so e- to gain is closest to the pull of the

positively charged nucleus.




lonization energy

Electronegativity
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Atoms of which element have the greatest tendency to gain electrons’

Regents Practice

A) Bromine

5) Fluorine

C) Chlorine

D) lodine
Which element 1n Group 15 has the strongest metallic character?
A) As
B) P
C) N

Compared to atoms of metals, atoms of nonmetals generally

D) Bi

A) Have lower first 1onization energies
B) Conduct electricity more readily
()  Have higher electronegativities

D) Lose electrons more readily



