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InorgChem – Periodic Properties

Periodic Properties of Elements

Atomic Radii:

· Atomic radii: Based on the distances btw atoms joined by single covalent / metallic bonds

· Atoms cannot be isolated for measurement of radii

· Only distances btw nuclei in cpds can be measured

· Across the period, atomic radii decreases

· Atomic no. + 1
(

Proton + 1  &  Electron + 1

· The additional e– is on same quantum shell, thus weakly shield

· Stronger attraction to outermost e–
· Size dec. for e– cloud

· Effective nuclear charge inc. across the period

· ENC = (Atomic no) – (Inner shell e– no) = No. of outermost shell e–
· Across period, atomic size ( sharply for first 2-3 elements and then ( gradually for subsequent

· At beginning of the period, inc. in ENC predominates

· Further inc. in e–, repulsive effects gaining importance

· Moving from the end of a period to successive period, atomic radius jumps suddenly

· Moving to next period, the outer e– is in one shell further out

· The effective nuclear charge sudden drops to +1

First Ionization Enthalpy:

· Ionization Enthalpy: The enthalpy absorbed when the least tightly bound e– is removed from a gaseous atom/ion to form a positive ion

· Factors affection I.E.:

· Atomic radius

· ENC of attraction for the e– that is to be removed

· Electronic configuration

· First IE has a general inc. across the period

· Inc. of ENC  (  Dec. in atomic radius

· Electron cloud close to nucleus make ionization more difficult

· Helium has the highest 1st IE among all elements

· Smallest atomic size

· No shielding e– present

· Experiences full nuclear attraction

· There are small drops within the general rise of 1st IE across the period

· First IE drops from Gp.II elements to Gp.III elements

· Due to full s-subshell configuration to additional p-subshell

· New p-shbshell e–: More shielding, ENC (
· Complete s-subshell: Extra stability

First IE of Gp.V (ns2np3)  Gp.VI (ns2np4)

· Due to extra stability of half-filled p-subshell

· If an orbital is doubly occupied, the two e– repel each other strongly

· Outweighs the increase of ENC

· Less energy required

· I.E. of p-elements  I.E. of s-elements

p-electrons are less penetrated

· More shield

· Large drop in I.E. when moving to successive period

· At the end of a period: Complete octet

· Particularly stable configuration

· At the beginning of a period: Additional s-electron in outer shell

· Electron is screened by full orbital

· Electron is further from nucleus

Down the group, I.E. dec.

· Down the group, outermost e– is shield by an extra shell

· Atomic size increases down the group

· Outweigh the increase in nuclear charge

Electronegativity:

· Electronegativity: A measure of electron attracting ability of atoms when they forms cpd

· High EN element:
Electronegative

· Low EN element:
Electropositive

· Halogen has highest electronegativity; alkali metal has lowest electronegativity

· Alkali metal has lowest EN as the nuclei is strongly shielded by a full inner shell of e–
Melting Point:

· Melting point of element: Depended on structure & nature of binding force

· MP is indirectly related by electronic configuration

· MP: Temperature at which pure solid & its pure liquid coexists in equilibrium at a given pressure

· Depends on magnitude of force holding the particles as a solid

· Depends on the extend of the forces has to be broken down for change in phase

· MP rises steadily from Gp.I to Gp.III, reaches a maximum at Gp.IV then drops sharply to Gp.V and eventually reaches minimum at Gp.0

· Gp.I – III

· Metallic structure, strong metallic bond binding atoms

· Flexible

· Bond don’t have to be substantially broken to from liquid

· Reasonably high MP

· Outer valence e– inc. from Gp.I to III causes an increase in MP

· Gp.IV:

· Giant covalent lattice structure

· Macromolecular structure

· Strong covalent bond have to be broken

· Particularly high MP

· Gp.V – 0

· Discrete molecules

· Weak intermolecular Van der Waals’ force

· Low MP

· Specialties of change in MP:

· Group IV – V: Dramatic change in structure

· Sharp decrease of MP

· Al only have 2 out of 3 e– delocalized to the electron sea

· MP of Aluminum ( MP of Magnesium

· Phosphorous: Exists in P4 molecule;
Sulfur: Exists in S8 molecule

· S8’s Van der Waals’ force is greater as higher molecular mass & larger contact area

· Goes down Gp.I & II, MP decreases

· Ionic radius increases

· Lowering the charge density

· Reduction in electrostatic attraction

· Dec. in strength of metallic bonds

· Goes down Gp.IV, MP decreases

· Larger atom, atomic radius (
· Degree of overlap of atomic orbitals dec.

· Interatomic covalent bonding become weaker

· Goes down Gp.VII & Gp.0, MP increases

· Covalent / Atomic radius increases

· Electron cloud becomes larger

· Atoms are more easily polarized to from temporary induced dipoles

· Increases in strength of Van der Waals’ forces

Periodic Properties of Chloride / Oxide / Hydride

Pattern of Variation of Oxidation State:

· Metal always have pos. oxidation states

· Max. positive oxidation states of an element = Group no.

· P / S / Cl exhibit a wide range of oxidation states

· As they can expand their octet by utilizing low lying vacant d-orbitals

· Exciting s- & p-electrons to d-orbitals can provide more unpaired electrons for bonding

· Expand octet: An atom expanded its octet if it bonds with other atoms such that the total number of bonding & non-bonding electrons in the outermost shell exceeds 8

· Done by exciting some of the paired up valence e– to some available low lying vacant orbitals

· More unpaired e– are provided to form more bonds

Periodicity of Bonding in Oxide / Chloride / Hydride:

· s-Block element: Form cation readily

· Forms ionic cpds

· Left of p-block: Form covalent compounds only

· Right of p-block: Can form either covalent or ionic cpd

· Nobel gas: Rarely forms cpds / No stable cpds formed
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Behavior of compound with water:

· Chloride:

· Typical ionic chlorides will dissolve & ionize in water

· Covalent chlorides generally react with water

· Across the period, chlorides changes from ionic to covalent

· Becomes increasingly acidic & hydrolyzing

· Give H+ ions

· Hydride:

· Typical ionic hydrides react with water to evolve H2(g) and give an alkaline solution

· Across the period, hydrides change from ionic to covalent

· Hydrolysis of hydride produce alkaline, then neutral and eventually acidic solution

· Acid/Base nature of chloride/oxide/hydride is depended on the nature of bonding
· Across period, 
Ionic ( Partially ionic ( Partially covalent ( Predominantly covalent

· Acidity & alkalinity: Strongly basic ( Amphoteric ( Strongly acidic

Diagonal Relationship:

· Across period, size of cation dec. & EN inc.

· Down a group, size of cation inc. & EN dec.

· Diagonal: Similar cation size & similar electronegativity

· Similar physical & chemical properties
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