PERIODICITY – TRENDS on the PERIODIC TABLE
(Chemistry IB)

There are ____________________ ionizations that can occur for any given element:


Example:  Aluminum (Al)

First Ionization:  577kJ/mol           (Removes the _________ valence e-)

Second Ionization: 1817 kJ/mol     (Removes the ________ valence e-)

Third Ionization:  2745kJ/mol       (Removes the _________  valence e-)

Fourth Ionization:  11 577kJ/mol  (Removes the ________ e- from energy level _______)


NOTE:  ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
I. Periodic Trends down Families and Across Periods:
	                 Down a Family/Group
	                       Across a Period

	1) Alkali Family:

Atomic Radii:  increases down the family.
Ionic Radii: all ions are _____________ than their neutral counterpart.

Ionization Energy: extremely ___________ overall. (strong desire to lose valence e-).
                                IE  _____________ as you go down the family due to the larger _________ - This results in a decreasing effective nuclear charge that fails to keep the valence e- in orbit.

Electro-negativity:  _______________ down the family.  Weakened due to increasing _______________..

Results of these Trends:  
(i) Alkali metals, and ALL metals, exhibit metallic bonding – Because _____and ______ are both low, the valence e- for all metals are able to freely ________ - Delocalized electrons.  When multiple metallic atoms of the ___________ type are together, this drifting in e- creates charged ions continuously, thus creating an attractive situation for bonding – A metallic bond.
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(ii) Alkali Metals become more ____________ as you go down the family. This is due to the weakened ______, thus e- are able to be ejected very easily for bonding or reacting. 

Reactivity with Halogens:  reacts readily with all Halogens due to their __________________

                                      compatibility.

     Ex.  Na (s)  +  Cl2 (g)  →  NaCl (s) 
Reactivity with H2O: alkali metals react vigorously in water to form a ____________ solution and ____________________ gas.

    Ex: 2 K (s)  + 2 H2O (l)  → 2 KOH (aq)  +  H2 (g)
(iii) Alkali Metals become more __________ down the family – The weakened effective nuclear charge due to ______________ results in diminished _______________ bonding.
(iv) The diminishing _________________ bonding capability also causes for a lowering in ___________________ point down the family due to declining attractive forces between the delocalized e- and the nucleus. 

                          2)  Halogen Family:

Atomic Radii: _____________ down the family.
Ionic Radii:  ______________ than their neutral counterpart.

IE:  _____________ as you go down the family.

EN: ________________ as you go down the family – due to _______________ of the effective nuclear charge.

Results of these Trends:

(i) State of Halogens go from ___________ to ______________ – Due to overall ___________of the atom as you go down the family, the larger the overall size, the greater the Van der Waals Force.
(ii) __________________ in reactivity as you go down this family.  Due to the weakened _______ - This makes it more difficult for the atom to pull e- to itself to bond with other particles.

     Ex:  F2(g)  +  2 Cl-1(g) →  2F-1(g)  +  Cl2 (g)
            I2(s)  +  F-1(g)  →  NO RXN.

Reason:  
(iii) Reacts with ________ to form a _________ solution and _______ gas.

           Ex:  Cl2 (g)  +  H2O (l)  →  HCl(aq)  +  O2 (g) 


	                         Across Period Three:

Atomic Radii:  _____________ across the period.
Ionization Energy: ____________across the period.
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Due to decreasing _____________ size. This _____________ the nucleus more fully, thus increasing the overall ____________.

Electro-negativity: ____________ across the period. 
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Due to decreasing _____________ size. This _____________ the nucleus more fully, thus increasing the overall ____________.
Results of these Trends:

(i) Melting/Boiling Points: 
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Due to the _____________ in atomic radius across the period, the attractive ENC increases, thus making the attraction between atoms stronger.  Thus, to pull those atoms apart to change state becomes increasingly difficult.
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Silicon (Si) has the highest melting/boiling point because it forms an extremely stable configuration in its atomic configuration, that of a diamond:  This shape is extremely stable and resists being pulled apart.

Phosphorous, Sulfur, Chlorine and Argon have their characteristic melting/boiling points due to their structure at the ground state:
[image: image6.png]S e O

a P4 molectle an Sg moleaie aClpmolecile  an Armolecte

(not drawn 1o scale)




Generally, the low melting/boiling points of the covalent molecules (Si to Ar) is due to the weak force that keeps these molecules close to one another, Van der Waals Force. This is an extremely weak attractive force that keeps one molecule attracted to another molecule of the same kind. The force’s strength is directly proportional to the __________ of the molecule.

This is why sulfur has the highest melting/boiling point out of the covalent molecules, because of its large size.  Conversely, this is why argon’s melting point is lowest.
(ii) Metallic to Covalent Characteristics:  The increasing _____ results in the shift from metallic to covalent characteristics across period 3, and across all periods.

     * Metals give e- away easily due to low EN –     Results in ______________ bonds.
     * Non-metals attract e- easily due to high EN.

        Results in ______________bonds.

Reactivity with O2 (g):  Na2O, MgO, Al2O3 
                                     SiO2, P4O6, P4O10,  SO2,     
                                     SO3, ClO2, Cl2O7
The metallic oxides (basic oxides), when melted, will readily conduct electricity due to their ____________ nature.

The metallic oxides, when in water, will react to form a ______________ solution:
   Ex:  Na2O (s)  +  H2O (l)  →  2 NaOH (aq)  

           MgO(s)  +  H2O (l)  →  
The covalent oxides (acidic oxides), when melted, will not readily conduct electricity, due to its ____________ nature. 

The covalent oxides, when in water, will react to form an ________________ solution:

   Ex:  P4O10 (s)  + 6 H2O(l)  →   4 H3PO4 (aq)  

          SO2 (g)  +  H2O (l)  →  

          SO3(g)  +  H2O (l)  →



II. Trends in the d –Block Elements:  (AHL)
Distinction:  Transition Metals vs.  d – Block Elements:

· Transition Metals: those elements within families 3-12 that form an ___________________ d – orbital when ________________.
· d – Block Elements: _______ elements within families 3-12.

….Therefore:   Sc+3 and Zn+2 are NOT considered Transition Metals.
A. Multiple Oxidation Numbers/Combining Capacity:
1) Almost ________ Transition metals can have an oxidation number of ________.  (Due to the ejection of the _______________ before the d-orbital).

2) The next energy level to be ejected is ________________ because it is highest in energy.  This results in transition metals capable of having multiple oxidation numbers.
B. Ionic Radii and Complex Ion Formation:

1) As you go from Sc to Zn in Period 3, atomic radii ______________.
2) When e- are ejected across Sc to Zn, the ionic radii are even ______________ than their neutral partners.  

3) This means that transitional ions have a very small radius, coupled with increasing ENC.  This results in the transitional ions being able to attract not only other small ions to its orbital space, but also attract “large” molecules to its orbital space (More on this when we talk about Bonding Theory).
Ligand:  any molecule/ion that ____________________ a central metallic ion.  

               

Complex Ion:  an ion that is no longer elemental, but contains ligands bonded to its structure.

Example:  Fe(H2O)6+3 (aq)

NOTE:  Other examples can include:  Fe(CN)6-3, CuCl4-2(aq),  Ag(NH3)2+1 (aq) , Al(H2O)6+3, etc…
C. Coloured Complex Ions:

When transitional ions bond, whether with ligands or other atoms, the d-orbital is one of the orbitals involved in this bonding process – When the d-orbital is involved in bonding, its usually ________________________ d-orbital is __________________:


Example:

D. Transitional Elements & Catalytic Ability:
· Because transitional elements can exhibit multiple oxidation states, they make good catalysts as they are able to form multiple ____________________ compounds during a reaction, making the overall energy required for the reaction much lower.


Examples:

                                                                                             MnO2 (s)  
1) Decomposition of Hydrogen Peroxide:            H2O2 (l)      →         H2O (l)  +  O2 (g)








          Ni
2)  Conversion of Alkenes to Alkanes:                  C2H4 (l)  +  H2 (g)  →    C2H6 (g)
3)  Contact Process: an industrial process that makes ____________________ acid.  Sulfuric acid is the most widely used acid in manufacturing.


(a) S(l)  +  O2 (g)                   SO2 (g) 

                                                  V2O5

(b) 2 SO2 (g)     +  O2  (g)                        2 SO3 (g)


(c) SO3 (g)    +  H2SO4 (l)                         H2S2O7 (l)


(d)  H2S2O7 (l)   +   H2O(l)                        2 H2SO4 (aq)

4)  Haber Process: used to mass manufacture ammonia.  Ammonia is used extensively in agriculture for _______________________ and as a source of _________________ for the manufacture of other compounds.







Fe




H2(g)  +   N2 (g)  →   NH3 (g) 
Common Ligands:     H2O       NH3        CN-         Cl-            OH-





The e- from the lower E level    can jump to the higher level – When they ____________ energy to return to the lower level, this emission corresponds to a specific ______________. (More on this when we talk about Bonding Theory)


Only those Transitional Metals that have __________________ orbitals can exhibit colour.




















