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Blimps

Blimps float because they are filled with a gas that is
less dense than the surrounding air.

Early blimps used the gas hydrogen, however,
hydrogen’s flammability lead to the Hindenburg
disaster.

Blimps now use helium gas, which is not flammable.
In fact, it doesn’t undergo any chemical reactions.

This chapter investigates models of the atom we use
to explain the differences in the properties of the
elements.



Classical View of the Universe

* Since the time of the ancient Greeks, the stuff of the
physical universe has been classified as either matter or

energy.

* We define matter as the stuff of the universe that has
mass and volume.

v Therefore, energy is the stuff of the universe that doesn’t have mass
and volume.



Light and other Forms of
Electromagnetic Radiation



The Nature of Light—Its Wave
Nature

Light is one of the forms of energy.

Light is a form of electromagnetic
radiation.

Electromagnetic radiation is made of waves.

Electromagnetic radiation moves through
space like waves move across the surface of
a pond
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Electromagnetic Waves

* Every wave has four characteristics that
determine its properties:

v'wave speed,
v'height (amplitude),
v'length,
‘/Frequency
» number of wave peaks that pass in a given time.

* All electromagnetic waves move through space
at the same, constant speed.

v'3.00 x 10° meters per second in a vacuum = The
speed of light, c.



Characterizing Waves

* The amplitude is the height of the wave.
v The distance from node to crest.
» Or node to trough.

v The amplitude is a measure of how intense the light is—the
larger the amplitude, the brighter the light.

* The wavelength (A) is a measure of the distance
covered by the wave.

v The distance from one crest to the next.

» Or the distance from one trough to the next, or the distance between
alternate nodes.

v’ Usually measured in nanometers.
»1nm=1x10"m



Electromagnetic Waves
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Characterizing Waves

* The frequency (v) is the number of waves that
pass a point in a given period of time.

v The number of waves = number of cycles.
v'Units are hertz (Hz), or cycles/s = s™.
»1Hz=1s"
* The total energy is proportional to the amplitude
and frequency of the waves.
v'The larger the wave amplitude, the more force it has.

v"The more frequently the waves strike, the more total
force there is.
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Electromagnetic Spectrum



The Electromagnetic Spectrum

* Light passed through a prism is separated into all its
colors. This is called a continuous spectrum.

* The color of the light is determined by its wavelength.

,/// :
\ 1 Red
\ \ \°\

Prism

w
Light
source

Violet



Color

* The color of light is determined by its wavelength.
v Or frequency.
* White light is a mixture of all the colors of visible
light.
v A spectrum.
v'RedOrange  ellowGreenBluelndigoViolet.
* When an object absorbs some of the wavelengths of
white light while reflecting others, it appears colored.

v"The observed color is predominantly the colors reflected.



Types of Electromagnetic Radiation

* Classified by the Wavelength
v'Radiowaves = A > 0.01 m.
»1ow frequency and energy.
¥ Microwaves = 10“m < A < 10” m.
¥ Infrared (IR)=8x10"m <A <10”m.
Y'Visible =4 x 10" m <A <8 x 107 m.
»ROYGBIV.
¥'Ultraviolet (UV) =10 m <A <4 x 107 m.

‘/X—rays =10 m<A<10°m.

¥ Gamma rays = A < 107" m.

»High frequency and energy.




Electromagnetic Spectrum

2NV AVAVAVAVILI |

Low Wavelength High
energy (meters) energy
10° 10° 10 1071 1073 1073 1077 107 1071 10718 10710

A =750 700 650 600 550 500 450 400 nm
Red Violet
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Particles of Light

* Scientists in the early 20" century showed that
electromagnetic radiation was composed of
particles we call photons.

v'Max Planck and Albert Einstein.
v'Photons are particles of light energy.

* Each wavelength of light has photons that have
a different amount of energy.



The Electromagnetic Spectrum and
Photon Energy

* Short wavelength light has photons with
high energy.

* High frequency light has photons with high
energy.
v'Radiowave photons have the lowest energy.
v Gamma ray photons have the highest energy.
* High-energy electromagnetic radiation can
potentially damage biological molecules.
v Ionizing radiation.



Order the Following Types of
Electromagnetic Radiation:
Microwaves, Gamma Rays, Green Light, Red
Light, Ultraviolet Light

* By wavelength (short to long).

* By frequency (low to high).

* By energy (least to most).



Order the Following Types of
Electromagnetic Radiation:
Microwaves, Gamma Rays, Green Light, Red
Light, Ultraviolet Light, Continued

* By wavelength (short to long).

Gamma < UV < green < red < microwaves.

* By frequency (low to high).

Microwaves < red < green < UV < gamma.

* By energy (least to most).

Microwaves < red < green < UV < gamma.



Light’s Relationship to Matter

* Atoms can acquire extra energy, but
they must eventually release it.

* When atoms emit energy, it usually is
released in the form of light.

* However, atoms don’t emit all colors,
only very specific wavelengths.

v In fact, the spectrum of wavelengths can
be used to identify the element.




Emission Spectrum

Photographic ',
film ‘

Hydrogen
lamp



Spectra

White- l]bht spectrum

Hydrogen light spectrum

Helium light spectrum

Neon light spectrum
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The Bohr Model



The Bohr Model of
the Atom

* The nuclear model of the atom does not explain how
the atom can gain or lose energy.

* Neils Bohr developed a model of the atom to explain
how the structure of the atom changes when it
undergoes energy transitions.

* Bohr’s major idea was that the energy of the atom was
quantized, and that the amount of energy in the atom
was related to the electron’s position in the atom.

v’ Quantized means that the atom could only have very specific
amounts of energy.




The Bohr Model of the Atom:
Electron Orbits

* In the Bohr model, electrons travel in orbits
around the nucleus.

v More like shells than planet orbits.

 The farther the electron is from the nucleus the
more energy it has.
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The Bohr Model of the Atom:
Orbits and Energy, Continued

* Each orbit has a specific amount
of energy.

* The energy of each orbit is
characterized by an integer—the
larger the integer, the more
energy an electron in that orbit
has and the farther it is from the
nucleus.

v'The integer, n, is called a
quantum number.
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The Bohr Model of the Atom:
Energy Iransitions

* When the atom gains energy, the electron leaps from
a lower energy orbit to one that is further from the
nucleus.

v However, during that “quantum leap” it doesn’t travel
through the space between the orbits, it just disappears
from the lower orbit and appears in the higher orbit.

* When the electron leaps from a higher energy orbit
to one that is closer to the nucleus, energy is emitted
from the atom as a photon of light—a quantum of
energy.



The Bohr Model of the Atom
”tio‘n

Excitation

absorption 7= 5 emission
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The Bohr Model of the Atom:
Ground and Excited States

* In the Bohr model of hydrogen, the lowest amount
of energy hydrogen’s one electron can have
corresponds to being in the n = 1 orbit. We call this
its ground state.

* When the atom gains energy, the electron leaps to a
higher energy orbit. We call this an excited state.

* The atom is less stable in an excited state and so it
will release the extra energy to return to the ground
state.

v Either all at once or in several steps.



The Bohr Model of the Atom:
Hydrogen Spectrum

* Every hydrogen atom has identical orbits, so every
hydrogen atom can undergo the same energy
transitions.

* However, since the distances between the orbits in an
atom are not all the same, no two leaps in an atom will
have the same energy.

v The closer the orbits are in energy, the lower the energy of
the photon emitted.

v’ Lower energy photon = longer wavelength.

* Therefore, we get an emission spectrum that has a lot of
lines that are unique to hydrogen.



The Bohr Model of the Atom:
Hydrogen Spectrum, Continued

657 nm 486 nm 434 nm
Red Blue-green Violet
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The Bohr Model of the Atom:
Success and Failure

* The mathematics of the Bohr model very
accurately predicts the spectrum of hydrogen.

* However, its mathematics fails when applied
to multi-electron atoms.

v'It cannot account for electron-electron
Interactions.

* A better theory was needed.



The Quantum-Mechanical Model

of the Atom

* Erwin Schrédinger applied the
mathematics of probability and the
ideas of quantizing energy to the
physics equations that describe
waves, resulting in an equation that
predicts the probability of finding
an electron with a particular
amount of energy at a particular
location in the atom.




The Quantum-Mechanical Model:
Orbitals

* The result is a map of regions in the atom
that have a particular probability for finding
the electron.

* An orbital is a region where we have a very
high probability of finding the electron
when it has a particular amount of energy.

‘/Generally set at 90 or 95%.



Orbits vs. Orbitals
Pathways vs. Probability
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Wave—Particle Duality

* We’ve seen that light has the characteristics
of waves and particles (photons) at the same
time—how we view it depends on the
application.

* In the same way, electrons have the
characteristics of both particles and waves
at the same time.

* This makes it impossible to predict the path
of an electron in an atom.



The Quantum-Mechanical Model:
Quantum Numbers

there are 3 integers, called
quantum numbers, that
quantize the energy.

* In Schrédinger’s wave equation, I

* The principal quantum
number, n, specifies the main

energy level for the orbital. Energy



The Quantum-Mechanical Model:
Quantum Numbers, Continued

Each principal energy shell has one or more subshells.
v" The number of subshells = the principal quantum number.
The quantum number that designates the subshell is
often given a letter.
Vs, p,d.f.
Each kind of sublevel has orbitals with a particular
shape.

v The shape represents the probability map.
» 90% probability of finding electron in that region.



Shell
n=4
n=3
n=>2
n=1

Shells and Subshells

# of subshells

4

¢’

2

1
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Letters specifying subshells

d

f

d

5 p
5 p
s p
S




How Does the 1s Subshell Differ
from the 2s Subshell?
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Probability Maps and Orbital Shape

s Orbitals
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Probability Maps and Orbital Shape:
p Orbitals

(@ p, (b) p, (o) p,
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Probability Maps and Orbital Shape:
d Orbitals

(ddz2_ 2 (e) d.2
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Subshells and Orbitals

* The subshells of a principal shell have slightly
different energies.

v The subshells in a shell of H all have the same energy,
but for multielectron atoms the subshells have different
energies.

Vs<p<d<f
* Each subshell contains one or more orbitals.
v’ s subshells have 1 orbital.
v p subshells have 3 orbitals.
v’ d subshells have 5 orbitals.
v f subshells have 7 orbitals.



The Quantum-Mechanical Model:
Energy Transitions

* As in the Bohr model, atoms gain or lose
energy as the electron leaps between

orbitals in different energy shells and
subshells.

* The ground state of the electron is the
lowest energy orbital it can occupy.

* Higher energy orbitals are excited states.



The Bohr Model vs.
the Quantum-Mechanical Model

* Both the Bohr and quantum-mechanical
models predict the spectrum of hydrogen
very accurately.

* Only the quantum-mechanical model
predicts the spectra of multi-electron atoms.



Electron Configurations

* The distribution of electrons into the various
energy shells and subshells in an atom in its
ground state is called its electron configuration.

* Each energy shell and subshell has a maximum
number of electrons it can hold.
vs=2,p=6,d=10, f=14.
v Based on the number of orbitals in the subshell.
* We place electrons in the energy shells and
subshells in order of energy, from low energy up.
v" Aufbau principle.
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Filling an Orbital with Electrons

* Each orbital may have a maximum of 2
electrons.

v'Pauli Exclusion principle.

* Electrons spin on an axis.
v’ Generating their own magnetic field.

* When two electrons are in the same orbital,
they must have opposite spins.

v'So their magnetic fields will cancel.



Orbital Diagrams

* We often represent an orbital as a square and the
electrons in that orbital as arrows.

v The direction of the arrow represents the spin of the
electron.

A A ‘

K

Unoccupied Orbital with Orbital with
orbital 1 electron 2 electrons



Order of Subshell Filling
in Ground State Electron Configurations

Start by drawing a diagram
putting each energy shell on

a row and listing the subshells
(s, p, d, f) for that shell in
order of energy (left to right).

Next, draw arrows through
the diagonals, looping back
to the next diagonal

each time.




Filling the Orbitals in a Subshell
with Electrons

Energy shells fill from lowest energy to highest.

Subshells fill from lowest energy to highest.
Vsopod-f

Orbitals that are in the same subshell have the

same energy.

When filling orbitals that have the same energy,
place one electron in each before completing pairs.

v Hund’s rule.



Electron Configuration of Atoms
in their Ground State

* The electron configuration is a listing of the subshells in
order of filling with the number of electrons in that
subshell written as a superscript.

Kr = 36 electrons = 1522522p%3s23p®4s23d1°4p®
* A short-hand way of writing an electron configuration is
to use the symbol of the previous noble gas in [] to

represent all the inner electrons, then just write the last
set.

Rb = 37 electrons = 15°25?2p®3s23p®4523d'°4pb5s! = [Kr]5s!



Electron Configurations

Symbol  Number of electrons  Electron configuration Orbital diagram
Li 3 152251 11 ]
ls 2s
Be - 15725 11 1l
ls 2s
B 5 1522s%2p! 11 11 ]
Is a5 2p
C 6 15°25%2p? Wit 1T 11
ls 2s 2p
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Example—Write the Ground State
Orbital Diagram and Electron
Configuration of Magnesium.

1. Determine the atomic number of the element
from the periodic table.

v This gives the number of protons and electrons in
the atom.

Mg 7 =12, so Mg has 12 protons and 12 electrons.



Example—Write the Ground State
Orbital Diagram and Electron
Configuration of Magnesium,

Continued.

2. Draw 9 boxes to represent the first 3 energy
levels s and p orbitals.

1s 2s 2p 3S 3p



Example—Write the Ground State
Orbital Diagram and Electron
Configuration of Magnesium,

Continued.

3. Add one electron to each box in a set, then
pair the electrons before going to the next set
until you use all the electrons.

When paired, put in o)

Tl

Tl

1s

DpOSite arrows.

2S

T

T

T

2p

Tl

3S 3p



Example—Write the Ground State
Orbital Diagram and Electron
Configuration of Magnesium,

Continued.
4. Use the diagram to write the electron
configuration.

v" Write the number of electrons in each set as a
superscript next to the name of the orbital set.

1522522p%3s? = [ Ne]3s?

Tl Tl (VBRI Tl

1s 2s 2p 3S 3p



Example—Write the Full Ground State Orbital
Diagram and Electron Configuration of Manganese

Mn Z =25, therefore 25 e~

s subshell holds 2 e- //

-
-
-

@‘bs}leu g A N O 1 s
_l_j//z r”

subshell hplds 10 e~ PN g
a3 B 2p T2E3e 3 3%
] b6 +0 = 1Pe T+ 1 "
subshell holds 14 e~ |1 [f6 T2+ 1214
J ihs| ap ad 4
p— — K o -
T6+2 7 20" 7 410 =30e

3d

BAGERS AR d BeRlcaan cAD HEMEATRN IS 1S eSSV bsid:



Practice—Write the Full Ground State Orbital
Diagram and Electron Configuration of Potassium

K Z =19, therefore 19 e

s subshell holds 2 e P
Rﬂmmd”ﬁmsﬁﬂ,Ti Tl zg,//fngﬁﬁw/ﬁfﬁ
el

_ T
cﬁgubshell I&oslds 10 e 2D 2 =de "

Triubshglchaldseid&ron contr gﬁ%e%t%iﬁ 54
+6 +2 = 20e”

3p; 3d4S
°25%4p°35*3A°4s! 4f

Based on the order of subshell filling, we will need the first 6 subshells



Example—Write the Full Ground State Orbital
Diagram and Electron Configuration of Sc3*

Sc Z =21, therefore 21 e~
therefore Sc®* has 18 e-

s subshell holds 2 e~ //

bshell holds 6.; Py g
p pubshell holds Ber il |14 (| 1 ,,f“T,,zi’;J/f,,T /,/
d subshell hplds 10 e‘2p 12 =g

fsubshellholds 14 e~ *OF2=loe " 0 0 4
+6 = 18e

Therefore the electron configuration is 1s522s2p®3s23p®
Based on the order of subshell filling, we will need the first 5 subshells




Practice—Write the Full Ground State Orbital
Diagram and Electron Configuration of F~

F Z =9, therefore 9 e-
therefore F-has 10 e-

s subshell holds 2 e~ //
B flkbsheu holds 6.e;| ||+ ) | | N
d subshell hplds 10 o 12 =oe

f subshell holds 14 e- +6 +2 = 12e"

4s 4p 4d 4f
Therefore the electron configuration is 1s522s522pS

Based on the order of subshell filling, we will need the first 3 subshells.



Valence Electrons

* The electrons in all the subshells with the
highest principal energy shells are called
the valence electrons.

* Electrons in lower energy shells are called
core electrons.

* Chemists have observed that one of the
most important factors in the way an atom
behaves, both chemically and physically, is
the number of valence electrons.



Valence Electrons, Continued

Rb = 37 electrons = 15225?2p®3s23p®4s23d'94ps5s!

* The highest principal energy shell of Rb that contains
electrons is the 5" therefore, Rb has 1 valence
electron and 36 core electrons.

Kr = 36 electrons = 1522s22p%3s23p®4523d'°4p"

* The highest principal energy shell of Kr that contains
electrons is the 4™ therefore, Kr has 8 valence
electrons and 28 core electrons.



Practice—Determine the Number and Types of
Valence Electrons in an As Atom

As 7 =33, therefore 33 e".

e [
+2 = 4e” .
+642=12e a5
+6+2=20e ;L

5s  +10 + 6 = 36e”
The highest occupied principal energy level is the 4®.

4f

The valence electrons are 4s and 4p and there are 5 total.

Therefore, the electron configuration is 1522s22p®3s23p54s23d°4p?.



Electron Configurations and

the Periodic Table

1A 8A

1 2

H He
1s' 2A 3A 4A 5A 6A 7A 1s°
5 - 9 6 7 8 9 10
Li Be B C N O F Ne
s 2s? 2322;91 2522;92 2522p3 2522];74 2322p5 2522)06
11 12 13 14 15 16 17 18
Na Mg Al Si P S Cl Ar
35! 362 || 3s23p' | 3s%3p? | 3s%3p° | 3s°3p* | 3s23p° | 3s23p°
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Electron Configurations from
the Periodic Table

* Elements in the same period (row) have
valence electrons in the same principal
energy shell.

* The number of valence electrons increases
by one as you progress across the period.

* Elements in the same group (column) have
the same number of valence electrons and
the valence electrons are in the same type of

subshell.



Electron Configuration and the
Periodic Table

* Elements in the same column have similar
chemical and physical properties because their
valence shell electron configuration is the
same.

 The number of valence electrons for the main
group elements is the same as the group
number.



N O Ul s W N =

S

1 Subshells and the Periodic Table

SZ

dl d2 d3 d4 d5 d6 d7 d8 d9 le

pl p2 p3 p4 p5 SZ

p6

ft 2 3

f4

fS

o {7 18

f9 f10 fll f12 f13 f14




Electron Configuration from
the Periodic Table

* The inner electron configuration is the same as the
noble gas of the preceding period.

* To get the outer electron configuration from the
preceding noble gas, loop through the next period,
marking the subshells as you go, until you reach the
element.

v"The valence energy shell = the period number.

v The d block is always one energy shell below the period
number and the f is two energy shells below.



Periodic Table and
Valence Electrons

* For the main group elements, the number of valence
electrons is the same as the column number.

v Except for He.

* For the transition elements, the number of valence
electrons is usually 2.

v There are some elements whose electron configurations
do not exactly fit our pattern.

v’ Because as we traverse the transition metals we are
putting electrons into a lower principal energy shell.



Electron Configuration from

the Periodic Table
1A 8A
2A 3A 4A 5A 6A 7A
Ne|
o TIIIIIIIIIIIIIIIIIIIII T
3p°

N Uk WN
,l
I

P = [Ne]3s23p?®
P has 5 valence electrons.



N O Ul ks W N -

Electron Configuration from
the Periodic Table, Continued

2A 3A 4A 5A 6A7A

3d1° - Ar

As = [Ar]4s?3d'%4p?
As has 5 valence electrons.



Practice—Use the Periodic Table to Write the Short
Electron Configuration and Orbital Diagram for
Each of the Following and Determine the Number of
Valence Electrons.

* Na (at. no. 11).

* Te (at. no. 52).



Practice—Use the Periodic Table to Write the Short
Electron Configuration and Orbital Diagram for
Each of the Following and Determine the Number of
Valence Electrons, Continued.

* Na (at. no. 11). [Ne]3s! 1 valence electron

t
3s

* Te (at. no. 52). [Kr][5s?4d*5p* 6 valence electrons

1 NN NN it
DS 4d 5p




The Explanatory Power of
the Quantum-Mechanical Model

r

* The properties of the elements are largely
determined by the number of valence electrons
they contain.

* Since elements in the same column have the same
number of valence electrons, they show similar
properties.

* Since the number of valence electrons increases
across the period, the properties vary in a regular
fashion.



The Noble Gas
Electron Configuration

* The noble gases have 8 valence electrons.
v" Except for He, which has only 2 electrons.
* We know the noble gases are especially non-
reactive.
v He and Ne are practically inert.
* The reason the noble gases are so non-

reactive is that the electron configuration of
the noble gases is especially stable.

Noble
gases
18
8A

He
15

10

2522;96

18

35%3p°

36

45*4y°

54

555p°

86

6526;96




Everyone Wants to Be Like a Noble Gas!
The Alkali Metals Allali

metals
1
1A

* The alkali metals have one more 3
. Li

electron than the previous noble gas. 25!

11

* In their reactions, the alkali metals L
tend to lose their extra electron, 1
resulting in the same electron 45"

. . 37
configuration as a noble gas. Rb

S

¥’ Forming a cation with a 1+ charge. -

S

65!

87

Fr

75"




Everyone Wants to Be Like a Noble Gas!

The Halogens < opens
7A
* The electron configurations of the halogens 9
all have one fewer electron than the next o
noble gas. 281?9
* In their reactions with metals, the halogens Cl
tend to gain an electron and attain the Lk
electron configuration of the next noble gas. >
v’ Forming an anion with charge 1-. 4s*4p°
* In their reactions with nonmetals, they tend 513
to share electrons with the other nonmetal 5525p°
so that each attains the electron 85
configuration of a noble gas. 65%95

81



Everyone Wants to Be
Like a Noble Gas!

* As a group, the alkali metals are the most reactive
metals.

‘/They react with many things and do so rapidly.
* The halogens are the most reactive group of nonmetals.

* One reason for their high reactivity is the fact that they
are only one electron away from having a very stable
electron configuration.

v"The same as a noble gas.



Stable Electron Configuration
and Ion Charge

* Metals form cations by

, Atom Atom’s Ion Ion’s
losing valence electrons electron electron
to get the same electron config config
configuration as the Na INe]3s! Na*  [Nel

previous noble gas.

2 2+ - -
; N
* Nonmetals fOl‘Il’l dl1011S Mg [Ne]SS Mg |INE]

by gaining valence Al [Nel3s®3p' AI’""  [Ne]
electrons to get the same 0 [He]2s2p* O*  [Ne
electron configuration
as the next noble gas.

F [He]2522p5 F [Ne]



Periodic Trends in the
Properties of the Elements



Trends in Atomic Size

Either volume or radius.

v Treat atom as a hard marble.
As you traverse down a column on the periodic table,
the size of the atom increases.

v’ Valence shell farther from nucleus.

v’ Effective nuclear charge fairly close.
As you traverse left to right across a period, the size of
the atom decreases.

v’ Adding electrons to same valence shell.

v’ Effective nuclear charge increases.
v Valence shell held closer.



Relative atomic sizes of the representative elements

1A 8A
:I 2A 3A 4A 5A 6A 7A ;e
Q Q| | o | o d o o
Li Be B C N O F Ne
Q Q| |0 0|0 | 0| o
Na Mg Al Si P S Cl Ar
QO O P 0 0 0 o0
K Ca Ga Ge As Se Br Kr
QO P OO 0 0 o0
Rb St In Sn Sb Te I Xe
QO OO 0 00 0
Cs Ba Tl Pb Bi Po At Rn

Sizes of atoms tend to
decrease across a period

Copyright © 2009 Pearson Prentice Hall, Inc.
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Trends in Atomic Size, Continued



Group ITA _
Be (4p* and 4e)

Mg (12p* and 12e°) m

Ca (20p* and 20e")



Period 2

Li (3p*and 3e’) Be (4p"and 4e’) B (5p* and 5e’)

C (6p*and 6e’)) O (8p*and 8e) Ne (10p* and 10e-



Covalent Radius, elements 1 - 58

250

200

100
50

|
!
o
L0
-
d

1d ‘snipey

0

Atomic Number



Example 9.6 — Choose the
Larger Atom in Each Pair

1 18
CorO " :
T 3
1 2 13 1® 15 16 17
Or 20 3 4A 57 6A 7a | He
5 |2 5T 61 7158 19 | 0

L K 11 12 13 14 15 16 17 18
10r ifNallMgl 2 & 2 & 7 &8 O 10 1 2 [UA) IS GG I

3B 4B 5B 6B 7B —— 8B —— 1B 2B

19 | 20 21 2| B 24 25 26 27 28 | 29 30 31 32 33 | 34 | 3 36
Ca|Sc|Ti|V |[Cr|Mn|Fe |Co|Ni|Cu|Zn|Ga|Ge| As | Se | Br | Kr

Periods
T
A~

C Or l &1 37 38 39 40 42 43 R 47 48 49 50 51 52 53 54

41 45 | 46
5|Rb|[Sr | Y |Zr [INb(Mo|Tc [Ru|[Rh|Pd |Ag |Cd | In [Sn [ Sb|Te | I | Xe

5 |56 [ |2l B2lA B 7 [BD2[B[2l2]8|38 WEals
S I '? 6| Cs|Ba|La|Hf | Ta| W |Re [Os | Ir | Pt |Au|Hg | Tl | Pb | Bi | Po | At [ Rn
e Or . 87 | 88 | 8 | 104 [ 105 [ 106 [ 107 [ 108 [ 109 | 110 [ 111 [ 112 [ 113 | 114 | 115 [ 116 118

7| Fr | Ra | Ac | Rf | Db | Sg [ Bh | Hs | Mt | Ds | Rg

_ 7o e i e R e e e e e e
Lanthanides | Ce | Pr [ Nd [Pm | Sm | Eu |[{Gd | Tb |Dy | Ho | Er [Tm | Yb | Lu

» 90 [ 91 | 92 [ 9 [ 94 [ 95 [ 9% | 97 [ 98 | 99 | 100 | 101 | 102 | 103
Actinides | Th | Pa | U | Np| Pu |Am |Cm | Bk | Cf | Es | Fm [ Md | No | Lr
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Practice—Choose the
Larger Atom in Each Pair.

1 18
N or F o z
T 3
1 2 13 1® 15 16 17
Or 20 3 4A 57 6A 7a | He
5 |2 5T 61 7158 19 | 0

11 12 13 14 15 16 17 18
COrGe ilNa|Mg| 2 2+ 3 6 7 & 9 10 11 12 1ugy Rl G G T A

3B 4B 5B 6B 7B —— 8B —— 1B 2B

19 | 20 21 2| B 24 25 26 27 28 | 29 30 31 32 33 | 34 | 3 36
Ca|Sc|Ti|V [Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga| Ge|] As | Se | Br | Kr

Periods
r .
A~

| J Or l &1 37 38 39 40 42 43 R 47 48 49 50 51 52 53 54

41 45 | 46
5[Rb|[Sr | Y |Zr [Nb|Mo| Tc | Ru|Rh |Pd |Ag |Cd | In | Sn | Sb | Te | I | Xe

55 56 57 72 73 74 75 77 79 80 81 82 83 84 85 86

76 78
Al ( ; 6| Cs|Ba|La|Hf | Ta| W |Re [Os | Ir | Pt |Au|Hg | Tl | Pb | Bi | Po | At [ Rn
Or e 87 | 88 | 8 | 104 [ 105 [ 106 [ 107 [ 108 [ 109 | 110 [ 111 [ 112 [ 113 | 114 | 115 [ 116 118

7| Fr | Ra | Ac | Rf | Db | Sg [ Bh | Hs | Mt | Ds | Rg

_ 7o e i e R e e e e e e
Lanthanides | Ce | Pr [ Nd [Pm | Sm | Eu |[{Gd | Tb |Dy | Ho | Er [Tm | Yb | Lu

» 90 [ 91 | 92 [ 9 [ 94 [ 95 [ 9% | 97 [ 98 | 99 | 100 | 101 | 102 | 103
Actinides | Th | Pa | U | Np| Pu |Am |Cm | Bk | Cf | Es | Fm [ Md | No | Lr
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o=

Practice—Choose the
Larger Atom in Each Pair, Continued.
N or F, N is further left

C or Ge, Ge is further down
N or Al, Al is further down & left
Al or Ge? opposing trends

8A
i - [E2
2 13 14 15 16 17
1B o 34 4A SA 6A 7A | HE
3 3 5 1B 8 10
2| Li | Be B & ﬁ (0] || Ne
| 12 14 6 117 | 18
3 4 3 6 7 8 9 10 1 12 :
3|NafMg| .u 4 58 68 7B r—88— 1B 2B Si| P|S |C|Ar
- o |2 a2 A5 Z]B]3] 20 B | M| 3B | %
g4| K |Ca|Sc|Ti|V |Cr|Mn|Fe|Co|Ni|Cu|Zn As | Se | Br | Kr
o 2 T T T T A : Sl 2|5 |5
5|Rb|[Sr | Y |Zr [INb|Mo|Tc ([Ru|Rh |Pd |Ag |Cd | In |Sn|Sb|Te | I | Xe
55 56 57 72 73 74 75 76 77 78 ¥l 80 51 (.4 83 54 85 86
6/Cs|Ba|La|Hf | Ta| W |Re |Os | Ir | Pt |Au|Hg | Tl | Pb | Bi | Po | At | Rn
57 | 8 | % | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 11 | 112 4 116
7| Fr [Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt

58 59 60 61 62 64 66 7 68 69 70 71

Lanthanides | Ce | Pr | Nd [Pm | Sm | Eu |Gd | Tb |Dy | Ho | Er | Tm | Yb | Lu
% |91 | 92 |9 % % | 97 | 98 |99 | 100 | 101 | 102 | 108

Actinides | Th | Pa Np| Pu|Am |Cm | Bk | Cf | Es | Fm |[Md | No | Lr




Period

=

Periodic Table of Atomic

Radiuses

Group Periodic Table of the Elements
: |
H
" ]
2 13 14
Li Be B C
s = ] e
Na Mg Al Si
° - 3 4 5 6 7 8 9 10 11 ® ®
K Ca Sc Ti L' Cr Mn Fe Co Ni Cu Zn Ga Ge
® ¢ ¢ o o o9 o o o o o o o o
Rb  Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn
® © ¢ 9 o o9 o o o o o o o o
Cs Ba La Hf Ta W Re Os Ir Pt Au Hg TI Pb
@ © o @ 9 9 o o o0 o o o o
Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl
@ o o o o o o o

[
ezh

®v

As

Sb

Mc

https://openstax.org/books/chemistry-2e/pages/6-5-periodic-variations-in-element-properties

Se

Te

Po

Lv



lonization Energy

* Minimum energy needed to remove an electron
from an atom.

v Gas state.

v"Endothermic process.

v'Valence electron easiest to remove.
V' M(g) + IstIE - M'*(g) + 1 &
‘/M”(g) +2ndIE - M?*(g) + 1 e

> First ionization energy = energy to remove electron from
neutral atom; 2nd IE = energy to remove from +1 ion; etc.



lonization Energy, kJ/mol
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lonization Energy, kJ/mc
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Radii, f

Covalent Radii of Group IA

250 -
6 Cesium
200 - otassium
150 -
2 Lithium
100 -
50 -f
1 Hydrogen
0
Hydrogen Lithium Sodium Potassium Rubidium Cesium
1 2 3 4 5 6
Group Number
Tonization Energy, Group IA
1400 ~
x H
1200 +
1000 -+
-
- 800
)
w0
Tt
w
= 600
=
400 - Cs
200
o
H Li Na K Rb Cs

Group Number



Ionization Energy of Periods 2 & 3
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Trends in Ionization Energy

As atomic radius increases, the ionization energy
(IE) generally decreases.

v’ Because the electron is closer to the nucleus.

I1st IE < 2nd IE < 3rd IE ...

As you traverse down a column, the IE gets
smaller.

v’ Valence electron farther from nucleus.
As you traverse left to right across a period, the IE
gets larger.

v’ Effective nuclear charge increases.



Trends in Ionization Energy, Continued

Ionization energy increases

el

1 18
1A 8A
1 %
1 2 13 14 15 16 17
H | . 34 4A 5A  6a A | HE
3 4 5 6 7 8 9 10
" 2] Li | Be B C| N | O | F |[Ne
)
2 11 i : 13 14 5 16 17 18
< 3 4 5 6 7 8 9 10 11 12 ;
3
o NalMg| 5 4 s 8 s 83— 1B 28 |Al|SI| P | S |Cl|Ar
o 4 19 | 20 21 22 | 23 | 22 | 25 26 | 27 28 | 29 30 31 32 33 | 34 | 35 36
o % 4 K |Ca|[Sc|Ti |V |Cr|Mn|Fe |Co|Ni|Cu|Zn|Ga|Ge| As | Se | Br | Kr
@ B 37 | 38 39 | 40 11 42 | 43 | 44 | 45 16 | 47 | 48 19 50 51 52 | 53 54
3 5|Rb|Sr | Y |Zr [Nb|Mo|Tc |Ru|Rh |Pd |[Ag|[Cd | In [Sn [Sb|Te | T | Xe
5 55 | 56 57 | 72 75 74 75 76 T 78 | 79 80 81 82 83 | 84 | 8 86
g 6|Cs |Ba|La|Hf | Ta | W |Re |Os | Ir | Pt |Au|Hg| Tl | Pb | Bi | Po | At [ Rn
e 87 | 88 89 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 118
= 7| Fr |Ra | Ac| Rf |[Db | Sg | Bh | Hs | Mt | Ds | Rg
I=
(@)
—
) 58 59 60 61 62 | 63 | 64 65 | 66 67 | 68 | 69 | 70 71
Lanthanides | Ce | Pr | Nd | Pm | Sm | Eu |Gd | Tb |Dy |Ho | Er |Tm | Yb | Lu
o 90 91 92 93 94 | 95 | 9 97 | 98 99 | 100 | 101 | 102 | 103
Actinides | Th | Pa | U [ Np| Pu |Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr
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Example—Choose the Atom in Each Pair
with the Higher First Ionization Energy
1.1AlArdY S, Al is further left

2. 2ALor&tSb, Sb is further down
3.3N brd#iSi, Si is further down and left

4. O or Cl, opposing trends

1A - 8A
Ml 2 13 4 15 16 17 | ¢
"R o 3A 4A SA  6A 7A | He
. [ 5 | ¢ B 6— 3 [ 10
2| Li | Be B | C BN F | Ne
T2 3 4 5 6 7 8 9 10 n 12[po Tl & &
3INa|Mg| 35 4 s8 68 7B —s8B— 1B 28 [N si| p[s]alar
< B [a][a]a[Aa][S[2][Z]B]2]3 I 3 | 5 | 36
g4| K |Ca|Sc|Ti|V |Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|pAS| Se | Br | Kr
ol B O O T T T A 23 | 5
5|Rb|Sr | Y |Zr |[INb|Mo|Tc |Ru|Rh | Pd |Ag [Cd | In | Sn Te| 1 | Xe
55 56 57 72 73 74 75 76 7 78 ~ S0 51 52 5] 54 85 o]
6/Cs|Ba|La|Hf | Ta| W |Re |Os | Ir | Pt |Au|Hg | Tl | Pb | Bi | Po | At | Rn

%7 | &8 | %9 | 108 | 105 | 106 | 107 | 108 | 109 | 110 | 11 | 112 i 16

7| Fr [Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt

: 58 59 60 61 62 63 o4 65 6 67 68 69 70 71
Lanthanides | Ce | Pr [Nd ([Pm | Sm | Eu |Gd [ Tb |Dy | Ho | Er | Tm | Yb | Lu
= 0 |91 | 2 | B | 9|5 | % | 9% | % | 2 |00 ]300 30210
Actinides | Th | Pa | U [ Np| Pu [Am |Cm | Bk | Cf | Es | Fm |Md | No | Lr




Practice—Choose the Atom with the
Highest Ionization Energy in Each Pair

Mg or P
Cl or Br
Se or Sb
P or Se

Periods

-

w

18
1A 8A
1 2

2 13 14 15 16 17
B 2a 3A 4A 5A A A | He
3 ! 5 6 7 8 9 10
Li | Be B|C|N|O|F |Ne
T e 13 a3 s i
3 4 7] 6 7 8 9 10 11 12 <
NaIMg| 5 s 5 8 B —3— 18 25 |21 [ISUNEERIESR(FCIN{EAE
0 [ 20 | 2 [ 2] 3 217222220 |2 w02
K|[Ca|Sc|Ti|V |Cr|Mn|Fe |Co|Ni|Cu|Zn |Ga|Ge| As | Se | Br | Kr
37 | 38 | 39 | 40 | 41 | &2 | 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 651 | 52 | 53 | 54
Rb|[Sr | Y |Zr [Nb|Mo|Tc [Ru|Rh [Pd |[Ag |Cd | In |Sn | Sb | Te | I [ Xe
55 | 56 | & | 2 | 72 | 7&a | 75 | 76 | == | 25 | 7 |80 | 8. | 62 | 8 [ &4 WEiml 56
Cs|Ba|La|Hf | Ta| W |Re |Os | Ir [ Pt |Au|Hg | Tl | Pb [ Bi | Po | At | Rn
87 | 88 | 8 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 118
Fr |[Ra | Ac [ Rf |Db| Sg | Bh | Hs [ Mt | Ds | Rg
) 58 [ 59 | 60 | 61 | 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 | 70 [ 71
Lanthanides | Ce | Pr | Nd | Pm | Sm | Eu |Gd [ Tb (Dy [ Ho | Er [Tm | Yb | Lu
90 | 91 | 92 | 93 | 94 | 95 | 9 | 97 | 98 | 99 | 100 | 101 | 102 | 103
Actinides | Th [ Pa | U | Np| Pu [Am |Cm | Bk | Cf | Es | Fm | Md | No | Lr

Copyright © 2009 Pearson Prentice Hall, Inc.




Practice—Choose the Atom with the
Highest Ionization Energy in Each Pair,
. Continued

1A

M P 1 ﬁ 2 3 M4 15 16 17
g O]f' 2A 3A 4A S5A  6A  7A
3 3 5 3 7 5 g
2| Li | Be BI|CIN|OI|EF
1 T [ ) 3 4 5 6 . 8 9 10 1n plBITME[B 8|7
C or Br JINaIMg| 5 8 s8 8 7 —s8— 18 28 | A SUIEIS T C
4 BId|alZ]B3[AI I3[ ZI2[ DDAl DA|>=
E‘ 4| K |Ca|Sc|Ti|V |Cr|{Mn|Fe |Co|Ni|Cu|Zn|Ga|Ge| As | Se | Br
Se Or Sb = T ® | P lo]alaeloslalslwslvlsladloalzls
5/|Rb|[Sr | Y |Zr [Nb|Mo| Tc |Ru|Rh [ Pd |Ag |Cd | In | Sn | Sb | Te | 1
B % | 2121231 Al B % |7 B |01l ]88
P S rp 6|Cs|Ba|La|Hf | Ta| W |Re |Os|Ir | Pt | Au|Hg | Tl | Pb | Bi | Po | At

OI' e H %7 | &8 | 9 | 104 | 105 [ 106 [ 107 | 108 [ 109 | 110 | x| 112 4 116

7| Fr |Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt

) 8 | ® | 0 | 61 | &2 | 63 | 664 | 65 | 66 | 67 | 68 | 9 |
Lanthanides | Ce | Pr [ Nd [Pm |Sm | Eu |Gd | Tb | Dy | Ho| Er | Tm | Yb
%0 | 91 | 2| B | || B | % | 97| 9% | 9 | w00] 1 |02
Actinides | Th | Pa | U [Np| Pu [Am |Cm | Bk | Cf | Es | Fm | Md | No




Periodic Table of Ionization
Energy

=
o
E Group First lonization Energies of Some Elements (kJ/mol)
1 18
1 H He
1310] » 13 14 15 16 17 (2370
2 Li Be B C N 0 F Ne
520 || 900 800 |/1090|1400(/1310|/1680| 2080
3| Na | Mg Al Si P S Cl Ar
490|730 3 4 5 6 7 8 9 10 11 12 580 ] 780 ||1060/1000/1250|(1520
4 K || Ca| Sc | Ti V || Cr | Mn| Fe | Co|f Ni || Cu| Zn | Ga | Ge | As || Se || Br || Kr
420 || 590 || 630 || 660 | 650 || 660 | 710 || 760 || 760 || 730 || 740 || 910 || 580 || 780 || 960 || 950 || 1140|1350
5 Rb Sr Y | 2r Nb | Mo | Tc | Ru | Rh Pd | Ag | Cd In Sn || Sb | Te I Xe
400 || 550 || 620 || 660 || 670 || 680 || 700 | 710 || 720 | 800 || 730 || 870 || 560 || 700 || 830 || 870 |{1010|/1170
gl Cs|Ba|fLa| Hf | Ta | W[ Re| Os| Ir | Pt||Au| Hg|| TI | Pb | Bi | Po| At | Rn
380 || 500 || 540 || 700 || 760 | 770 || 760 || 840 || 890 || 870 || 890 1000/ 590 || 710 | 800 | 810 1030
7| Fr || Ra
510

https://openstax.org/books/chemistry-2e/pages/6-5-periodic-variations-in-element-properties




Metallic Character

* How well an element’s properties match the general
properties of a metal.

* Metals:
v’ Malleable and ductile as solids.
v"Solids are shiny, lustrous, and reflect light.
v"Solids conduct heat and electricity.
v Most oxides basic and ionic.
v/ Form cations in solution.
v’ Lose electrons in reactions—oxidized.

* Nonmetals:
v Brittle in solid state.
v’ Solid surface is dull, nonreflective.
v’ Solids are electrical and thermal insulators.
v Most oxides are acidic and molecular.
v Form anions and polyatomic anions.
v’ Gain electrons in reactions—reduced.



Metallic Character, Continued

* In general, metals are found on the left of
the periodic table and nonmetals on the
right.

* As you traverse left to right across the
period, the elements become less metallic.

* As you traverse down a column, the
elements become more metallic.



Metallic character increases

Trends in Metallic Character

Metallic character decreases

1 Metals 18
1A 8A
Metalloids
1 11{ 2 crationds 13 14 15 16 17 I{2e
2A Nonmetals 3A 4A 5A  6A VA
3 1 5 6 7 8 9 10
21 Li | Be B C N | O F | Ne

13 14 15 16 17 18

11 12

3 4 5 6 7 8 9 10 11 12 .

3

Na|lMg| .z 4 55 8 7 —s5— 18 28 |21|SU| F| S |ClIAr

; 19 | 20 21 2 [ 23 24 25 26 27 28 | 29 30 31 32 33 34 | 35 36
41 K |Ca|Sc|Ti | V |[Cr | Mn|Fe |Co|[Ni|[Cu|Zn | Ga| Ge| As | Se | Br | Kr

37 | 38 | 39 | 40 | 41 | 42 | 43 | 44 [ 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | 53 | 54
5/ Rb|[Sr | Y |Zr ([Nb|Mo| Tc |[Ru|Rh [Pd |Ag |Cd [ In | Sn |[Sb | Te | I | Xe

55 | 56 | 57 | 72 | 73 | 74 | 75 | 76 | 77 | 78 | 79 | 80 | 8. | 82 | 8 | 84 | 8 | 86
6| Cs|Ba|La|Hf [Ta|W [Re [Os| Ir | Pt [Au|[Hg | Tl | Pb | Bi | Po | At | Rn

87 | 88 | 89 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 118
7| Fr [Ra | Ac | Rf |Db | Sg | Bh | Hs | Mt | Ds | Rg

_ 56 | 59 [ 60 [ 61 [ 62 [ 63 [ 64 [ 65 [ 66 [ 67 | 68 | 69 [ 70 [ 7
Lanthanides | Ce | Pr [ Nd [Pm [ Sm | Eu (Gd [ Tb [Dy | Ho| Er | Tm | Yb | Lu

9 | o1 | 92 | 93 | 94 | 95 | 9 | 97 [ 98 | 99 | 100 | 101 | 102 | 103
Actinides | Th | Pa | U | Np| Pu |Am [Cm | Bk | Cf | Es | Fm | Md | No | Lr
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Example—Choose the
More Metallic Element in Each Pair

Sn or Te, Sn is further left
P or Sb, Sb is further down
Ge or In, In is further down & left

S or Br? opposing trends

! 2 13 14 15 16
: H 2A 3A 4A SA
3 3 5 o 7
2| Li | Be B C|IN
i [T 3] 4 [ B
3 4 5 6 7 8 9 10 1 12 ]
3/NafMg| & 45 s8 68 78 —s8— 18 28| Al S ki
<% THEREFEEEAEEEAE A EAER EREE .  ae _
4| K |[Ca|Sc|Ti|V |Cr|Mn|Fe |Co|Ni|Cu|Zn)|Ga|Ge] As -
- 7|38 | P00 | a2 B a|8]|w6]| |8 b E B
5|Rb|(Sr | Y |Zr [Nb|Mo| Tc ([Ru|Rh | Pd | Ag | Cd | In 5- Sb | Te
s 5% | 7 | 21 B Al 7% | 7737031 ][5 [8 |8
6/Cs|Ba|La|Hf | Ta| W |Re |Os | Ir | Pt |Au|Hg | Tl | Pb | Bi | Po | At | Rn
87 | & | % | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 1m0 | 112 1 116
7| Fr [Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt
) % | % | @ | &1 | & [ [ 7|6 | | ] N
Lanthanides | Ce | Pr [Nd ([Pm | Sm | Eu |Gd [ Tb |Dy | Ho | Er | Tm | Yb | Lu
= % | 91 | 92 | 98 | %4 | 95 | 9% | 97 | 98 | 99 | 100 [ 1o | 102 | 108
Actinides | Th | Pa| U |Np| Pu |Am |Cm | Bk | Cf | Es | Fm [Md| No | Lr




Practice—Choose the
More Metallic Element in Each Pair

1 18

1A 8A

Sn or Te g | 2 13 1415 16 17 [ g
2A 3A 4A 5A 6A T7A | °F€

3 4 5 6 i 8 9 10

21 Li | Be B C N (0] F | Ne

11 12 13 14 15 16 17 18
Slorsn iINa|Mg| 2 2+ 5 ¢ 7 & 9 10 11 12 gy i il G IilETn

3B 4B 5B 6B 7B — 8B — 1B 2B

19 (200 |02 2 [ 23 | 28 | .2 | 26 | 27 [ 28 [ 29 |2 | 2t | 22 @322 |2
Ca|Sc | Ti| V|Cr|Mn|Fe |Co|Ni|Cu|Zn|Ga|Ge| As | Se | Br | Kr

Periods
S
~

Br Or I e 37 38 39 40 42 43 48 49 50 51 D2 53 54

41 44 [ 45 | 46 | 47
5/Rb|Sr (Y [Zr |[INb|Mo|Tc [Ru|Rh|Pd ([Ag [Cd | In | Sn [ Sb | Te | I | Xe

55 | 5% | & |2 | B | A |2 76| = | | @ |8 [ 8 |8 | 28 |8 BNl s
6|Cs|Ba|La|Hf | Ta| W |Re |Os | Ir | Pt | Au |Hg | Tl | Pb | Bi | Po | At | Rn

Se Or I 87 88 89 104 105 106 107 108 109 110 111 112 113 114 115 116 118

7| Fr [Ra | Ac | Rf |Db| Sg | Bh | Hs | Mt | Ds | Rg

_ 58 | 59 | 60 | o1 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 [ 70 [ 71
Lanthanides [ Ce | Pr | Nd |Pm [ Sm | Eu |Gd | Tb (Dy [Ho | Er | Tm | Yb | Lu

» 9 |91 | 92 [ 9 [ 94 [ 9% | 9% | 97 [ 98 | 99 | 100 | 101 [ 102 | 103
Actinides | Th | Pa | U [ Np| Pu |Am |Cm | Bk [ Cf | Es | Fm | Md | No | Lr
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SnorTe
S1 or Sn

=

Bror e
Seorl?

Practice—Choose the
More Metallic Element in Each Pair,
Continued

Periods

1

o)}

1 18
1A 8A
}11 2 3 14 15 16 17 HZ :

2A 3A  4A  5A  6A  T7A

3 1 5 6 7 8 9 10
Li | Be B (& N (@) F | Ne
11 12 13 | 14 15 s | % 18

a3 4 5 6 7 8 9 10 11 12 .

Na Mg| oz 45 s5 68 7 r—s8—s 18 25 |AL|SI| P |S|Cl|Ar
19 | 20 21 7 T T O B i S 31 32 | 33 | 34 | 35 | 36
K |[Ca|Sc|Ti| V |Cr|(Mn|Fe |Co|Ni|Cu|Zn|Ga|Ge| As | Se | Br | Kr
37 | 38 39 | 40 | 41 42 | 43 | 44 | 45 | 46 | 47 | 48 49 | 50 | 51 | 52 | 53 | 54

Rb|[Sr | Y |Zr |[Nb|Mo|Tc |Ru|Rh |Pd |Ag|(Cd | In | Sn |[Sb | Te [ I | Xe
55 | 56 s e e [z sl e e e (o (e 81 82 | 83 | 84 | 85 | 86
Cs|(Ba|La|Hf | Ta| W [Re|Os | Ir | Pt |Au|Hg | Tl | Pb | Bi | Po | At | Rn
87 | 88 89 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 [ 112 | 113 | 114 | 115 | 116 118
Fr |[Ra | Ac [ Rf (Db | Sg | Bh | Hs | Mt | Ds | Rg

_ 58 | 59 | 60 61 62 | 63 | 64 65 | 66 67 | 68 | 69 | 70 | 71
Lanthanides | Ce | Pr [ Nd |Pm [ Sm | Eu |Gd ([ Tb | Dy (Ho | Er | Tm | Yb | Lu
90 | 91 92 93 | 94 | 95 | 9% 97 | 98 99 | 100 | 101 | 102 | 103

Actinides | Th [ Pa | U | Np| Pu |Am |[Cm | Bk | Cf | Es | Fm | Md | No | Lr
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