Unit 8

On completion of the unit you should be able to:

1. state the mass, charge and location of protons, electrons and neutrons.

2. given the atomic number of an element, draw diagrams showing the protons in the nucleus
and the electrons in shells (or energy levels) arcund the nucleus.

3. write the electron dot formulae for the elements in groups 1 to 8 in the pericdic table.

4. define isotopes, mass number and atomic mass,

5. given the relative abundance and isctopic masses for an element, calculate the atomic mass

of that element.

&. given the atomic number and mass number of an element, calculate the number of electrons.

ATOMS AND THE PERTIODIC TABLE

8.1 Atom

+ Subatomic particles

8.2 Isotope
Reading: Hebden - page 144-146
8.3 Arrangement of electrons

+ Bohr model of the atom

Reading: Hebden - page 142
* Lewis electron-dot formulas of elements

Eﬁad'ug' Hebden - nages 167

Today’s focus.
‘Quantum Mechanical model
and writing electron

+ Quantum mechanical model of the atom

8.4 Electron configurations of atoms

configuration of the atom.

8.5 Atomic mass

» Tabulated atomic mass

Reading: Hebden - page 150

8.6 Periodic table of the elements

+ Metals Nonmetals and Semimetals
¢ Properties of metals
o Properties of nonmetals
¢ Properties of semimetals




Quantum Mechanical Model

The Quantum Mechanical Model of the atom presents a more accurate model of the atom. It is a more
sophisticated model based Drlcc:mplex mathematical calculations and interpretatinnsl We will take a look

at this model and summarize the results based on these mathematical calculations without carrying them

out ourselves.
The Quantum Mechanical Model introduces the concept of

» sublevels (s, p, d, f)
= atomic orbitals

The following table summarizes the number of orbitals in each sublevel.

Type of Atomic Orbital Number of orbitals Atomic Orbitals

Within a s There is 1 s-type orbital.
principle
energy level, | There are 3 p-type orbitals.
this is

These atomic orbitals in the
sublevels represent the probability of
where in the space surrounding the
nucleus the electron in each type of
atomic sublevel could be found.

the order d There are 5 d-type orbitals.

they
appear f v There are 7 -type orbitals.®

Let’s look at these how electrons occupy
these atomic orbitals!



Rules for Writing Electron Configurations:

Wk Nucleus of
W, the atom

n=g
n=5
n=4

n=3

n=2

Energy

For each element, we assign electrons to
the orbitals to give the most stable state of
the element (i.e. electrons occupy the
lowest energy possible)

© ©

Repulsion

Based on the “Aufbau” Principle (German for “building-up”):

1. Determine the number of electrons for the element. For a nucleus of +z charge,

it must be surrounded by z electrons, since elements are neutral charge.

2. There may not be more than 2 electrons in each atomic orbital. In addition,
the 2 electrons must have opposite spins. This is the Pauli Exclusion Principle.

T Spin up;
s

pin down

3. When electrons fill orbitals with the same energy, the order of filling is such that as
many electrons remain unpaired as possible with their spins parallel. This is Hund’s Rule.

4. When electrons fill the orbitals, they fill them in the order from the lowest energy to the
higher energy orbitals. This electron configuration gives the lowest energy to the

atom (the most stable state), and it is called the ground state of the atom.



Quantum Mechanical Model

These atomic orbitals in the sublevels represent the probability of where in the space
surrounding the nucleus the electron in each type of atomic sublevel could be found.
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Image credit: http://2012books.lardbucket.org/books/beginning-chemistry/s12-02-quantum-numbers-for-electrons.html



Bohr model / Quantum Mechanics Model of the atom

nucleus of

\...-"""33.:;;:, the atom MEKIITILII“I‘I num b’er 2
I"-.II 0 - —
N of electronsin = 2 n

* [eneay an energy level

Types of atomic | When the orbital Max # of
orbital is fully occupied, electrons
# of electrons is
n=1 1 S 2 2 (1)2= 2 electrons
_ S 2 2 _
n=2 2 2 (2)’= 8electrons
p 6
S 2
n=3 3 p 6 . 2(3)2= 18electrons
d 10
s 2
n=4 4 P 9 = 2(4)’= 32 electrons
d 10

This is the structure of the atom. Let’s fill this structure with electrons!



The Energy Level Diagram for an Atom
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Electrons fill orbitals from low to high energy
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Write the Ground State Electron Configuration P77 cte..
for the Elements

Period 1 elements
Hydrogen: 1 electron

£

Number of electron
Energy level ; in the orbital
Q)
Valence electrons Type of orbital . »
are bolded. Pe;'Od ;:tnl_l
S-0rpita
. completely filled
Helium: 2 electrons ) 152 I

Lithium: 3 electrons ) 152 21 Feroc s ene

. 2s-orbital
Beryllium: 4 eIectrons) 152 22 completely filled

Boron: 5 electrons ) 152 252 2p1
Carbon: 6 electrons ) 152 252 sz



Write the Ground State Electron Configuration 7p7d 7l etc...
for the Elements

Nitrogen: 7 electrons @ 152 252 2p3
Oxygen: 8 electrons ) 152 2s2 2p* .

Fluorine: 9 electrons 3 152 22 2pS P;;_‘:::I;:t:lzz
Neon: 10 electrons ) 152252 2p® completely filled
Sodium: 11 eIectrons) 152 252 2p6 3¢l

_— 3s-orbital
Magnesium: 12 electrons ) 152 252 2p6 352

Aluminum: 13 electrons ) 152 252 2p6 32 3p1
Silicon: 14 eIectrons) 152 252 2p6 32 3p2
Phosphorus: 15 electrons) 152252 2p® 352 3p3

Sulfur: 16 eIectrons) 152 252 2p6 32 3p4
v

Chlorine: 17 electrons ) 152 252 26 352 3p° PIETELE

_ 3p-orbitals
Argon: 18 electrons ) 152 252 2p6 3s2 3p6 completely filled




H: 1s?
Li: 1s22s!
Na: 1s225%22pb3s!

Periodic Table of the Elements

C: 1s225%2p?
Si: 1522522p®3s23p?
Ge: 15°2s%2p®.......4p°

Ne: 1s%2s22p®
Ar: 1s225%22p53523p°®
Kr: 1s22s%2p°......... 4pb



Periodic Table of the Elements
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Write the Ground State Electron Configuration for the following elements:

Periodic Table of Elements

GROUPS
1 2 3 | 4 5 6 7 8 9 10 [ 1" 12 13 14 15 | 16
pemioos| A | 1A [ mws [ we | ve | vis | vis | Vil B Lnu A | WA VA—]— VIA
1.008
1 H
1
EE‘I SBCI\? 10811 1201 14.007 | 15999 1
1 e B C | N O snds
Ip7d7f etc.. 2 lbuin B_1.C ,“ O Periodic Table of the Elements
22,960 | 24.306 26.982 2]?8.55 30.9738 :2_05 5, n=1
6d of 3 | Na|Mg TRANSITION ELEMENTS ALY Si =2
1 12 [ — — 13 14 15 16
f 290983 4008 | 44, 4790 Q508415 ) 51986 | 54 558470 589533 5871 | 63546 a5a7 972 7259 | 74022 T8.9¢ n=3 ’ d l ‘
5 4 Ca|Scl Ti J V |Cr My Fef Co| Ni |Cu|Zn | Ga|Ge| As | Se n=4|_ 3d e | | [ |
20 2 2 24 25 27 28 2 30 3 = k<) 34 - el al =1
@s4es [or.ez | 68908 | 9122 020064 | 5594 | 96.006 | 10107 | 102906| 106.4 | 107868 | 11241 | 114,62 | 11880 | 12075 | 127.60 ememenm n=5|2[2 4d T T %% e
5 |RbISr| Y | Zr [Nb |Mo| Tc | Ru|Rh| Pd|Ag | Cd | In|Sn|Sb|Te n=6 l \ 5d it
38 EC I e ) a2 4 - a5 L L Y EN 5 52 n=7 B8d
S 1522006 13750 [J|36.908 | 17849 | 180048 | 18385 1862 1902 19222 | 195.00 190“7 20059 | 204.90 2072 Q203981 (209)
6 Cs|Ba|fPLa HfF | Ta | W | Re | Os | Ir Pt Hg | TI} Pb | Bi | Po e |
5 S0 (T | L N Y A UL RN A ) L B | s 1 e =L e e o o |
(223) @27y | (281) | (202) | (263) | (262) | (265) | (266) | (269) t2 2) | |
7 Fr | Ra |**Ac| Rf | Ha | Sg | Ns | Hs | Mt | — | — | f
&7 ) 8 104 108 106 107 108 | 109 ]_ 10 1 l
140,12 | 140.008 | 144.24 Tﬁl 1504 | 151.95 | 1657.25 | 158.925 | 162.50 [lﬁd mﬂ‘ 167.26 | 168934] 17304 ‘174.961
*Lanthanide series Ce | Pr [Nd|Pm|Sm | Eu |Gd|Tb |[Dy Ho | Er | Tm| Yb | Lu
| sa | s | 60 | & 2 | o | & o6 |ee | e | e | e | @ | 'n
232,038 | 231,031 | 238020 | 237.048 | (244) (243) (247 (247 (25"! (254) 5N (258) (255) (28T
*+pctinide series Th|Pa{ U [Np|Pu Am Cm|Bk | Cf | Es | Fm|[Md| No | Lr
L = a1 2 | = 94 | e % il ) () 0o | 1o ioz | 303

mmm Write the Electron Configuration

Iron, Fe 152 252 2p® 352 3p®4s23d°

Bromine, Br 35 4/06 152 252 2p6 352 3p64523d104 b

Barium, Ba 56 652 152 252 2p® 352 3p®4523d104p®5524d105p°6s?
Titanium, Ti 22 3d? 152252 2pb 352 3pb4s523(2

Rubidium, Rb 37 55l 152 252 2p® 352 3p®4523d104pb5s?

Lead, Pb 82 6p? 152 252 2p® 352 3pf4s23d104pb5524d105p66524f145d106p2

The sum of the superscripts = # of electrons




