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STAGE 2 CHEMISTRY

Elemental and Environmental Chemistry
Unit 1
Periodic Table:        electronic configuration and 


features of the periodic table
The Syllabus statement says:

	Key Ideas
	Intended Student Learning

	The arrangement of electrons in any atom can be described in terms of shells and subshells. 
	Write, using subshell notation, the electron configuration for an atom or monatomic ion of any of the first thirty-eight elements in the periodic table.



	The position of an element in the periodic table reflects its electron configuration. 
	Identify the s, p, d, and f block elements in the periodic table.



	The periodic table is the unifying framework for the study of the chemical elements and their compounds. Elements within each group of the periodic table have similar chemical properties that can be explained in terms of their similar outer-shell electron configurations.
	Predict the following properties of the s and p block elements of any of the first thirty-eight elements in the periodic table:

Metal, metalloid, or non-metal nature of the element.

· Charge of the monatomic ions.

· Likely oxidation state(s) of the element in its compounds (including octet expansion for phosphorus, sulfur, and chlorine).



	The electronegativities of non-metallic atoms are higher than those of metals; non-metallic atoms tend to gain electrons in chemical reactions.
	Find regions with elements of high, intermediate, and low electronegativity in the periodic table.




The KEY IDEAS here are:

· There are energy levels within the main energy levels in which electrons exist, and these are called sub-shells.

· The sub-shells are labelled s, p, d, and f, and each sub-shell contains a maximum number of electrons: 2 electrons in s, 6 electrons in p, 10 electrons in d and 14 electrons in f.

· The name of a sub-shell begins with the number of the main energy level, and then the letter of the sub-shell. Then a small number written like a power may appear which describes the number of electrons in the sub-shell.

eg            2p4      means the p sub-shell in the second energy level containing 4 electrons
· It is essential that you know the energy sequence of the sub-shells and the maximum number of electrons that can exist in each sub-shell. 

This is necessary to work out the electronic configuration of an atom.

· The energy sequence of sub-shells reveals that there is an overlap of some energy levels. In particular, you need to be aware that the 4s sub-shell is of a lower energy than the 3d sub-shell. 

O ____________________________________________



Mn _____________________________________________



S ____________________________________________

· Elements with atomic number 21 – 30 form the first row transition elements. They are called the 3d-transition elements because they are a result of the filling of the 3d sub-shell. There are two exceptions to the order in which the sub-shells are filled for the transition elements. 

You will need to know that the two exceptions are copper and chromium.


Cr ____________________________________________


Cu ____________________________________________

Explanation 
____________________________________________________________________



____________________________________________________________________

· The electronic configuration for ions is calculated by first obtaining the electronic configuration of the atom and then:

· either adding electrons equal to the charge of the ion if it is a negative ion,

· or subtracting electrons equal to the charge of the ion if it is a positive ion.

Li+  _____________________________________________

Ca2+ _____________________________________________

Cl-     _____________________________________________

· When transition metals form ions, the 4s electrons are always lost first.

Fe2+ _____________________________________

Fe3+ _____________________________________

Zn2+ _____________________________________


Explanation
________________________________________________________




________________________________________________________

· The electronic configuration of the Noble Gas elements is a stable configuration of filled sub-shells.

Ar _______________________________________
· The elements in the periodic table are arranged in order of increasing atomic number.

· The position of an element in the periodic table is related to its electronic configuration.

The number of electrons in the outer sub-shell of an atom determines its position in either of the s-block, p-block, d-block or f-block of the periodic table.

· The horizontal rows are called periods. The period number corresponds to the number of energy levels occupied by electrons.

· The vertical columns are called groups. The group number corresponds to the number of valence shell electrons and can be used to determine the charge on monatomic ions.

· The oxidation state of the elements can be determined from the formula of the compound. Elements in period 3 are able to expand the octet.
Key examples are sulfur and phosphorous (eg SO2, SO3, SO42-, PO43-) *This is covered in more detail later


· Elements in the same group have similar chemical properties because of their similar valence 

shell electron configurations.

· The position of an element in the periodic table is related to its metallic/metalloid/non-metallic character.

· Electronegativity is a measure of the force of attraction an element has for valence (outer shell) electrons. Metals have a low electronegativity since they tend to lose electrons, while non-metals have higher electronegativities since they tend to gain electrons.

· The electronegativity of elements increases across a period and up a group in the periodic table.

Information about the trends found in the periodic table 

The following notes cover five main aspects of information displayed in the periodic table, viz:

· s, p, d and f blocks of the periodic table,

· trends in electronegativity,

· trends in metallic/non-metallic character of the elements,

· charges of the mono-atomic ions of the elements,

· oxidation states of the elements.

1
The relation of the position of an element in the periodic table to its sub-shell electronic configuration is 


important.


The elements in Groups 1 and 2 are referred to as the s-block elements because the valence shell 


electrons are in the s-subshell.

The transition metals between groups 2 and 3 are the d-block elements. These 10 elements represent the progressive filling of the d subshell.


Groups 3 to 8 are the p-block elements, with valence shell electrons in the p subshell.


The f-block elements are grouped outside the table and result from the filling of the f subshells.

2
You are required to identify on the periodic table the regions of high, intermediate and low 


electronegativity.


Electronegativity is defined as the measure of attraction an atom has for its valence electrons.


Elements with a low number of valence electrons have a low attraction for electrons and thus possess a 


low electronegativity.


Elements with large numbers of valence electrons have a high attraction for electrons and thus possess 


higher electronegativity values.



Thus there is an increase in electronegativity values from left to right in a period and a decrease in 


electronegativity values down a group.


Elements with the greatest electronegativity values are found in the upper right of the periodic table.


Why aren’t the elements of Group 8 assigned electronegativity values?

3
The trends in metallic/non-metallic character are related to electronegativity.


Metals have a low electronegativity while non-metals have higher electronegativity values. The metalloids 


have intermediate electronegativity reflecting their metal/non-metal properties.


Thus metallic character of an element increases down a group and non-metallic character increases going 


up a group.


Across a period, there is a trend from metal to metalloid to non-metal. For example, Period 3 elements 


show:



Na               Mg               Al                Si               P              S               Cl

4
The charges of the mono-atomic ions are directly related to the Group to which the element belongs.


For metals in the s and p blocks the charge of the ion is equal to the group number.


For the non-metal elements in the p block, the charge of the ion is equal to (8 – group number).

5
The oxidation state of an atom is related to both its electronegativity and the number of valence electrons.


The oxidation number or oxidation state is a positive, negative or zero number assigned to an atom to 


represent the number of electrons it theoretically transfers to form a compound.


When writing oxidation numbers the sign must be included.


Oxidation numbers are related to the number of valence shell electrons and hence to the position of the 


atom in the periodic table.


Atoms in Group 1 have an oxidation number of +1 in their compounds. They will lose their one valence 


electron and from 1+ ions.


Atoms in Group 2 have an oxidation number of +2 in their compounds. They will lose their two valence 


electrons and from 2+ ions.


Aluminium in Group 3 forms 3+ ions and shows an oxidation number of +3 in its compounds.


Group 4 elements like carbon and silicon show oxidation states of +4 in their compounds. Their 


electronegativity values are moderately high and they don’t form positive ions. The 4 valence electrons are 


involved in sharing electrons in forming covalent bonds with other non-metal atoms.


The Group 5, 6 and 7 atoms form oxidation states of –3, –2 and –1 respectively.


These non-metals have higher electronegativities and their atoms gain electrons to fill their outer p 


subshell when they bond with metal atoms to form ions.


Nitrogen and phosphorus form N3- and P3- ions by gaining 3 electrons.


Oxygen and sulphur in Group 6 form S2- and O2- ions.


The halogens of Group 7 form –1 ions: F-, Cl-, Br- and I-.


A range of oxidation states can be shown by the group 5, 6 and 7 atoms when they combine with other 


non-metals, depending on the number of valence shell electrons involved in covalent bonding.

	Group number
	1
	2
	3
	4
	5
	6
	7

	Element
	Na
	Mg
	Al
	Si
	P
	S
	Cl

	Outer electron configuration
	3
	3
	3
	3
	3
	3
	3

	Charge of mono-atomic ion
	1+
	2+
	3+
	
	3-
	2-
	1-

	Oxidation states
	+1
	+2
	+3
	+4
	-3

+3, +5
	-2

+2, +4

+6
	-1

+1

+3

+5, +7


SUPPORTING QUESTIONS 1

Attempt each question below.

1
What special name is given to vertical columns on the periodic table? 

2
What special name is given to horizontal rows on the periodic table?

3
Write the electronic configurations for the following atoms or ions and relate the electronic configuration of 


the atom or ion to the element’s position in the periodic table by completing the table below:

	Atom/Ion
	Electronic configuration
	Block and 

Group of the element
	Period of the element

	bromine atom
	
	
	

	rubidium ion
	
	
	

	manganese atom
	
	
	

	nickel ion
	
	
	


4
Write the names of two elements that have the same number of outer shell electrons as aluminium.

5
Write the names of two elements that have the same number of shells of electrons as calcium.

6
i
Describe how metallic character changes down a group.


ii
Describe how electronegativity changes across a period.

7
Explain what is meant by the term “expanding the octet?

8
Copy and complete the following table which summarises the main trends in the periodic table.


Use the elements in PERIOD 2 of the periodic table.

	Group Number/

Property
	1
	2
	3
	4
	5
	6
	7

	Element
	
	
	
	
	
	
	

	Outer shell configuration
	
	
	
	
	
	
	

	Charge on the ion
	
	
	
	
	
	
	

	Electronegativity trend
	

	Metal/non-metal trend
	

	Oxidation states
	
	
	
	
	
	
	


SOLUTIONS:        SUPPORTING QUESTIONS 1

1
What special name is given to vertical columns on the periodic table?             Groups
2
What special name is given to horizontal rows on the periodic table?             Periods
3
Write the electronic configurations for the following atoms or ions and relate the electronic configuration of 


the atom or ion to the element’s position in the periodic table by completing the table below:

	Atom/Ion
	Electronic configuration
	Block and 

Group of the element
	Period of the element

	bromine atom
	1s22s22p63s23p64s23d104p5
	p-block   Group 7
	Period 4

	rubidium ion
	1s22s22p63s23p64s23d104p6
	s-block   Group 1
	Period 5

	manganese atom
	1s22s22p63s23p64s23d5
	d-block   
	Period 4

	nickel ion
	1s22s22p63s23p64s03d8
	d-block   
	Period 4


4
Write the names of two elements that have the same number of outer shell electrons as aluminium.


boron and gallium – any element in the same group

5
Write the names of two elements that have the same number of shells of electrons as calcium.


potassium and gallium – any element in the same period
6
i
Describe how metallic character changes down a group.  Metallic character increases.


ii
Describe how electronegativity changes across a period.   Electronegativity increases.

7
Explain what is meant by the term “expanding the octet?


The atom can accomodate more than 8 electrons in its outer shell when bonding with another atom.

8
Copy and complete the following table which summarises the main trends in the periodic table.


Use the elements in PERIOD 2 of the periodic table.

	Group Number/

Property
	1
	2
	3
	4
	5
	6
	7

	Element
	Li
	Be
	B
	C
	N
	O
	F

	Outer shell configuration
	2s1
	2s2
	2p1
	2p2
	2p3
	2p4
	2p5

	Charge on the ion
	1+
	2+
	3+
	-
	3-
	2-
	1-

	Electronegativity trend
	
	
	
	
	
	
	

	Metal/non-metal trend
	
	
	
	
	
	
	

	Oxidation states
	+1
	+2
	+3
	+4
	-3, +3, +4, +5, +2
	-2, -1
	-1


READING
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increasing electronegativity





increasing non-metal character
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