
The Periodic Table and Periodic Trends 

 

 

The properties of the elements exhibit trends and 

these trends can be predicted with the help of the 

periodic table. They can also be explained and 

understood by analyzing the electron 

configurations of the elements. This is because, 

elements tend to gain or lose valence electrons to 

achieve the stable octet formation. 

 



Across the Periodic Table 
Periods:  Are arranged horizontally across the periodic 

table (rows 1-7) 

These elements have the same number of valence shells. 
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Down the Periodic Table 
Family or Group: arranged vertically down the periodic table      

               (columns or groups 1- 18) 

The elements in each group have the same number  of electrons in 

the outermost energy level, the valence shell. 
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Alkali Family:  

1 e- in the valence shell 

Halogen Family:  

7 e-  in the valence shell 



The Periodic Law 
How is the modern periodic table organized? 

• In the modern periodic table, elements are arranged 

in order of increasing atomic number (since there 

were problems with Mendeleev’s method). 

 

6.1 



The Periodic Law 

The periodic law: When elements are 

arranged in order of increasing atomic 

number, there is a periodic repetition of 

their physical and chemical properties. 

– The properties of the elements within a period 

change as you move across a period from left 

to right. 

– The pattern of properties within a period 

repeats as you move from one period to the 

next. 

6.1 



Metals, Nonmetals, and 

Metalloids 
»Metals, Metalloids, and Nonmetals in the Periodic Table 

6.1 



Metals, Nonmetals, and Metalloids 
6.1 

Metals  

• good conductors of heat and electric current. 

•80% of elements are metals. 

•Metals have a high lustre, are ductile and malleable. 

•Most are grey/silver 



Metals 

 - silver, lustrous, 

malleable, ductile, 

and good conductors 

of heat and 

electricity. 



Metals 
 

• Tend to lose electrons to form 

compounds. 

• Compounds formed between metals 

and nonmetals tend to be ionic. 

• Metal oxides (metals reacted with 

oxygen) tend to be basic. 
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Metals, Nonmetals, and Metalloids 6.1 
–Nonmetals 

•In general, nonmetals are poor conductors of heat and electric 

current. 

•Most nonmetals are gases at room temperature. 

•Various colours and brittle 

•A few nonmetals are solids, such as sulfur and phosphorus. 

•One nonmetal, bromine, is a dark-red liquid. 



Nonmetals 

• Dull, brittle substances 
that are poor conductors 
of heat and electricity. 

• Tend to gain electrons 
in reactions with 
metals to acquire noble 
gas configuration. 



Nonmetals 

• Substances containing 

only nonmetals are 

molecular compounds. 

• Most nonmetal 

oxides (non-metal 

reacted with oxygen) 

are acidic. 



Metals, Nonmetals, and Metalloids 6.1 
–Metalloids 

•A metalloid generally has properties that are in-between metals 

and nonmetals. 

•Solids, shiny or dull, semi-conductors, brittle and not ductile 

•The behavior of a metalloid can be controlled by changing 

conditions. 

 



Metalloids 

• Have some 

characteristics of 

metals, some of 

nonmetals. 

• For instance, silicon 

looks shiny, but is 

brittle and fairly poor 

conductor. 



Metals, Nonmetals, and Metalloids Examples and Uses 

» Uses of Iron, Copper, and Aluminum 

6.1 



Metals, Nonmetals, and Metalloids Examples and Uses 

• If a small amount of boron is mixed with silicon, the 

mixture is a good conductor of electric current. 

Silicon can be cut into wafers, and used to make 

computer chips. 

6.1 



 Squares in the Periodic Table 

• The periodic table displays the symbols and names 

of the elements, along with information about the 

structure of their atoms. 

6.2 



Groups or Families 

• Elements in the same column 

(group) have similar properties 



Alkali Metals (Group 1) 

• Soft and reactive solids. 

• Highly reactive with 

water and air(oxygen) 

• Silver-coloured with 

metallic properties 

• Name comes from Arabic 

word for ashes. 

• Have one valence 

electron 

• Form +1 ions 



Alkali Metals 

• Alkali metals (except Li) react with oxygen to 

form peroxides. 

• K, Rb, and Cs also form superoxides: 

K + O2  KO2 

• Produce bright colors when placed in flame. 



Alkaline Earth Metals (Group 2) 

• Have higher densities and melting points than alkali 

metals. 

• Light, solid and reactive metals. 

• Have 2 valence electrons and form +2 ions 

• Have low ionization energies, but not as low as alkali 

metals. 



Alkaline Earth Metals 

• Be does not react with 

water, Mg reacts only 

with steam, but others 

react readily with 

water. 

• Reactivity tends to 

increase as go down 

group. 



Group 17:  Halogens 

 

• Solid, liquid or gas 

• Non-metallic, not lustrous, nonconductors and 

very reactive 

• Have 7 valence electrons and form -1 ions 

• Name comes from the Greek halos and gennao:  

“salt formers” 



Group 17:  Halogens 

• Large, negative electron 

affinities 

– Therefore, tend to oxidize other 

elements easily 

• React directly with metals to 

form metal halides 

• Chlorine added to water 

supplies to serve as 

disinfectant 



Group 18:  Noble Gases 

• Gases, low melting and boiling points, nonreactive 

• Have 8 valence electrons and rarely form ions 

• Astronomical ionization energies 

• Positive electron affinities 

– Therefore, relatively unreactive 

• Monatomic gases 

 



Group 18:  Noble Gases 

• Xe forms three 

compounds: 

– XeF2 

– XeF4 (at right) 

– XeF6 

• Kr forms only one stable 

compound: 

– KrF2 

• The unstable HArF was 

synthesized in 2000. 



6.2 

 



Representative Elements – Examples and Uses 6.2 



Representative Elements 

6.2 



Periodic Trends 

•You will learn 

how properties 

(such as atomic 

size) are related to 

the location of 

elements in the 

periodic table. 

6.3 



Orbitals in Multielectron Atoms 
• Electrons are attracted to the nucleus but also repelled 

by each other.  

• Repulsion from other electrons reduces the attraction 

to the nucleus and this is called the shielding or 

screening effect. It increases as you go down a group. 

• The attraction the electrons have for the nucleus is the 

nuclear charge. It increases as you go from left to 

right across a row. 

• Effective nuclear charge: the net nuclear charge felt 

by an electron after shielding from other electrons in 

the atom is taken into account.   



ALL Periodic Table Trends  
• Influenced by three factors: 

 1. Energy Level - higher energy levels 

are further away from the nucleus. Less 

pull on outer electrons.  

 2. Charge on nucleus (# protons) 

– More charge pulls electrons in closer. 

(+ and – attract each other) 

 3. Shielding effect – more levels of 

electrons repel and reduce pull on outer 

electrons. 

 



What do they influence? 

Energy levels and Shielding have 

an effect on the GROUP (      )  

Nuclear charge has an effect on a 

PERIOD  (         ) 



 1. ATOMIC RADIUS/SIZE 
 

• the radius of an atom (size) 
 

 

 



Trends in Atomic Size 
• The atomic radius is one half of the distance between 

the nuclei of two atoms of the same element when the 

atoms are joined. 

• In general, atomic size increases from top to 

bottom within a group and decreases from left 

to right across a period. 

 

 

6.3 



Trends in Atomic Size 

•Largest atomic species 

are those found in the 

bottom left corner 



Chapter 8-37 

Atomic Radius 
• Atomic radii actually 

decrease across a row in 

the periodic table, due to 

an increase in the 

nuclear charge.  

• Within each group 

(vertical column), the 

atomic radius tends to 

increase with the period 

number. Not only is 

there an additional 

energy level but the 

shielding effect 

increases. 

Atomic Radii for Main Group 

Elements  



   Atomic Size - Group trends 

• As we increase the 

atomic number while 

going down a group… 

• each atom has another 

energy level PLUS 

more shielding 

• so the atoms get 

bigger. 

H 

Li 

Na 

K 

Rb 



Atomic Size - Period Trends 

• Going from left to right across a period, the size 

gets smaller. 

• Electrons are in the  same energy level. 

• But, there is more nuclear charge (more protons). 

• Outermost electrons are pulled closer. 

Na Mg Al Si P S Cl Ar 



Trends in Atomic Size 
6.3 



Trends in Atomic Size 

 

 

6.3 



2. Trends in Ionization Energy 
 

The energy required to remove an electron from 

the ground state of a gaseous atom or ion is 

called ionization energy. 

– The energy required to remove the first 

electron from an atom is called the first 

ionization energy.  

– The energy required to remove an electron 

from an ion with a 1+ charge is called the 

second ionization energy. 

– i.e. Second ionization energy is that energy 

required to remove the second electron, etc. 

 

6.3 



Ionization Energy 

• It requires more energy to remove each successive 

electron. 

• When all valence electrons have been removed, the 

ionization energy takes a quantum leap. 



Symbol First  Second   Third 

H

He

Li

Be

B

C

N

O 

F 

Ne 

1312 

2731 

520 

900 

800 

1086 

1402 

1314 

1681 

2080  

  

5247 

7297 

1757 

2430 

2352 

2857 

3391 

3375 

3963 

                     

  

11810 

14840 

3569 

4619 

4577 

5301 

6045 

6276   

Why did these values 

increase so much? 



Trends in Ionization Energy 

Group and Periodic Trends in Ionization Energy 

 

• First ionization energy tends to decrease 

from top to bottom within a group and 

increase from left to right across a period. 

6.3 



Trends in First Ionization Energies 

• As one goes down a 

column, less energy is 

required to remove the first 

electron. 

– For atoms in the same 

group, the effective 

nuclear charge is 

essentially the same, but 

the valence electrons are 

farther from the nucleus; 

therefore more shielding. 



Trends in First Ionization Energies 

• Generally, as one goes 

across a row, it gets 

harder to remove an 

electron. 

– As you go from left to 

right, the nuclear 

charge increases, thus 

holding the electrons 

more tightly 



 Trend in Ionization Energy 
Ionization energy:  

Largest toward top right corner of 

Periodic Table since these atoms hold 

onto their valence e- the tightest. 



Trends in Ionization Energy 

6.3 



Trends in Ionization Energy 

6.3 



3. Trends in Ionic Size 

• During reactions between metals and 

nonmetals, metal atoms tend to lose 

electrons, and nonmetal atoms tend to gain 

electrons. The transfer has a predictable 

effect on the size of the ions that form. 

 

• Cations are always smaller than the atoms 

from which they form. Anions are always 

larger than the atoms from which they form. 

 

6.3 



Positive and negative ions form when 

electrons are transferred between atoms. 
 

Forming a cation 

 

 

6.3 



Forming an Anion 

6.3 



Trends in Ionic Size 

• Relative Sizes of Some Atoms and Ions 

6.3 



Ion Group trends 
• Each step down a 

group is adding an 

energy level 

• Ions therefore get 

bigger as you go 

down, because of the 

additional energy 

level. 

Li1+ 

Na1+ 

K1+ 

Rb1+ 

Cs1+ 



Ion Period Trends 
• Across the period from left to right, the 

nuclear charge increases - so they get 

smaller. 

• Notice the energy level changes 

between anions and cations. 

Li1+ 

Be2+ 

B3+ 

C4+ 

N3- 
O2- 

F1- 



Sizes of Ions 

• Ionic size 

depends upon: 

– Nuclear charge. 

– Number of 

electrons. 

– Orbitals in 

which electrons 

reside. 



Sizes of Ions 

• Cations are 

smaller than 

their parent 

atoms. 

– The outermost 

electron is 

removed and 

repulsions are 

reduced. 



Sizes of Ions 

• Anions are 

larger than 

their parent 

atoms. 

– Electrons are 

added and 

repulsions are 

increased. 



Sizes of Ions 

• Ions increase in 

size as you go 

down a column. 



Sizes of Ions 

• Isoelectronic  means that ions have the same 

number of electrons. See the following examples. 

• Ionic size decreases with an increasing nuclear 

charge. 



Size of Isoelectronic ions? 
• Positive ions that have more protons would 

be smaller  (more protons would pull the 

same # of electrons in closer) 

Al3+ 

Mg2+ 

Na1+ Ne F1- O2- N3- 

13 12 11 10 9 8 7 



Trends in Ionic Size 

• Trends in Ionic Size 
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4. Trends in Electronegativity 

Electronegativity is the ability of an atom of an 

element to attract electrons when the atom is in 

a compound (i.e bonded). 

• They share the electron, but how equally do they 

share it? 

• An element with a big electronegativity means it 

pulls the electron towards itself strongly! 

• In general, electronegativity values decrease from 

top to bottom within a group. The values tend to 

increase from left to right across a period. 

6.3 



Electronegativity Group Trend 

• The further down a group, the 
farther the electron is away 
from the nucleus, plus the more 
electrons an atom has. 

• Thus, more willing to share. 

• Low electronegativity. 



Electronegativity Period Trend 

• Metals are at the left of the table. 

• They let their electrons go easily 

• Thus, low electronegativity 

• At the right side are the nonmetals. 

• They want more electrons. 

• Try to take them away from others 

• High electronegativity. 



Trends in Electronegativity 

6.3 



5. Trend in Electron Affinity 
Electron Affinity:  

The energy 

released when an 

electron is added 

to a gaseous atom. 

Most favorable 

toward top right 

corner of Periodic 

Table since these 

atoms have a great 

affinity for e-. 

 

 

 

Cl + e−  Cl− 



Trends in Electron Affinity 

 In general, electron 

affinity increases and 

becomes more 

exothermic as you go 

from left to right 

across a row. It also 

increases and becomes 

more exothermic as 

you go up the groups 

(from bottom to top). 



6. Metallic Character 
• This is simply a relative measure of how 

easily atoms lose or give up electrons. 

• The most metallic elements (the ones that 

give up electrons the easiest) are found in 

the bottom left corner of the periodic table. 

 



Properties of Metal, Nonmetals, 

and Metalloids 



Review of Metals versus Nonmetals 

 Differences between metals and nonmetals tend to 

revolve around these properties. 



Metals versus Nonmetals 

• Metals tend to form cations. 

• Nonmetals tend to form anions. 



Summary of Trends 

• What is the underlying cause of periodic 

trends? 

– The trends that exist among these 

properties can be explained by 

variations in atomic structure, nuclear 

charge and shielding effect... 

 

6.3 

In your notebook, you should have a periodic table with all of 

the trends described:  atomic size, ionization energy, ionic 

size, eletronegativity, electron affinity, metallic properties. 

See the following three examples: 



Summary of Periodic Trends 
Increasing electron affinity 
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Summary of Periodic Trends, v.2 

Electronegativity and Electron affinity increases 
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Simplified Version 

Ionic Size 

Metallic character 


