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InorgChem – Hydrolytic Behavior

Hydrolytic Behavior of Chlorides

Ionic Chlorides:

· Example: LiCl, NaCl, MgCl2
· Not or slightly hydrolysis

· In NaCl, Na+ & Cl– are of low charge density

· Not causes hydrolysis

· In MgCl2, Mg2+ are large but has higher charge

· Charge density is higher, hydrolysis slightly

Intermediate Chlorides:

· BeCl2, AlCl3
· Intermediate chlorides hydrolysis

· The Be2+/Al3+ ion are small & have high charge

· High charge density & high polarizing power

· Water molecules are attached to Be2+/Al3+
· Bonded strongly

· Forms hydrated ion: Be(H2O)62+ or Al(H2O)63+
· The ion attract lone pair electron in water strongly

· H2O is strongly polarized

· Other free H2O molecules can easily remove the H atom from the polarized H2O

· Gives acidic solution (pH 3-4)

· Be(H2O)62+(aq) + H2O() 
[image: image1.wmf] [Be(H2O)5(OH)]+(aq) + H3O+(aq)
Covalent Chloride where Cl is more electronegative:

· Example: BCl3, SiCl4, PCl3, PCl5, S2Cl5
· In the molecules, Cl atom is more electronegative

· The central atom carries the positive charge

Central atom attracts O in water

· Cl atom attracts H in water

· BCl3(g) + 3H2O() (( B(OH)3(aq) + 3HCl(aq)
· Forms an oxyacid (H3BO3) and hydrochloric acid

· Mechanism: 
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Covalent Chloride where Cl is less electronegative:

Example: NCl3, Cl2O, FCl, Cl2
· Central atom is more electronegative & carries negative charge

· Cl is attacked by O in water

· Central atom is attacked by H in water

· FCl(g) + H2O() (( HF(aq) + HOCl(aq)
Although N is of similar EN of Cl, due to the lone pair electron of N, it possess – charge, it carries out same hydrolytic effect

Tetrachloromethane: CCl4
· No reaction with water

· C has no low lying vacant orbital

· Cannot expand its octet to accept e– from water

· No stable intermediate formed

· Not hydrolyze

Hydrolytic Behavior of Hydrides

Periodicity of Hydride, XH:

· Across Gp.I – III, EN difference btw X & H dec.

· Polarization of ionic bond inc.

· Becomes more covalent

· H– becomes less negative

· Reducing power of ionic hydride dec.

· Gp.IV hydride: EN of X and H are similar

· Non-polar covalent bond

· Reducing agent

· Across Gp.V – VII:

· EN difference btw X and H inc.

· Covalent bond of hydride becomes more polar

· H carrys + charge

· Non-reducing hydrides

· Hydrogen bonding occurs

· Example: NH3, H2O, HF

· Going down Gp.I – III:

· EN difference btw X & H inc.

· Hydride become more ionic

· More negative H–, more reducing

Acid-Base Properties:

· Group I and Group II

· Ionic hydrides

When dissolved in water, H– ion will remove H+ from water

· Basic hydride

· MHn + nH2O (( M(OH)n + nH2(g)
· Strong base:
LiOH, NaOH
Weaker base:
Be(OH)2, Mg(OH)2, Al(OH)3
· Group III

· AlH3 is weakly basic as its partially covalent character

· AlH3 + 3H2O (( Al(OH)3 + 3H2(g)
· BH3 is typically covalent

· BH3 + 3H2O (( B(OH)3 + 3H2(g)
· B(OH)3:
The three H are dissociable as B–O bond is very strong

· Acidic, H3BO3
· Group IV

· Generally neutral

· As the covalent bond are non-polar

· SiH4 + 4H2O (( Si(OH)4 + H2 (( SiO2 + 2H2O + H2
· The hydrolysis is extremely slow

· CH4 is inert toward hydrolysis

· C–H bond is stronger than Si–H bond as C is smaller

· In C–H, C carries – charge but Si in Si–H carries + charge

· Si is susceptible to nucleophilic attack of H2O

· C has no low lying vacant orbitals

· Unable to form intermediate in hydrolysis

· Group V

· Example: NH3, PH3
· Generally basic to neutral due to the lone pair electron of N / P

· NH3 + H+ (( NH4+;

PH3 + H+ (( PH4+
· NH3 is more basic as the lone pair electron is more concentrated

· Group VI

· H2O, H2S

· H2O is neutral

· H2S is acidic: H2S (( 2H+ + S2–
· H–S bond is weak so that H can be lost easily

Group VII

· HF, HCl

· Acidic:
HF + H2O 
[image: image3.wmf] F– + H3O+




HCl + H2O (( Cl– + H3O+
· Acidity increases down the group

HF is a weak acid as it is extremely polar and H– bond is very strong

· Bond strength: H–F 
[image: image4.wmf] H–Cl H–Br  H–I

Hydrolytic Behavior of Oxides

Basic Oxides:

· Metal oxides which reacts with acid to give salt and water

· Li2O, Na2O, MgO

· O2–(s) presents in basic oxides

· O2– is in solid state as no O2–(aq) due to its vigorous reaction once dissolved in water

· O2– is basic as it has 4 lone pair electrons and doubly neg. charge

· Accept proton readily

· Strongly basic

· Na2O and Li2O reacts vigorously with water

· O2–(s) + H2O() (( 2OH–(aq)
MgO react slowly with water

· MgO(s) + H2O() 
[image: image5.wmf] Mg(OH)2(s) 
[image: image6.wmf] Mg2+(aq) + 2OH–(aq)
· Mg(OH) has low solubility

· Both MgO & Mg(OH) are of high lattice enthalpy

Acidic Oxide:

Non-metal oxide that react with strong alkali to give salt

· If the acidic oxide react and dissolve in water to give acid, it is called acid anhydride
· SO3 + H2O (( H2SO4
P2O3 + H2O (( P(OH)3
· P(OH)3 = Phosphoric(III) acid, H3PO3
· For oxides of same element, those with higher oxidation state is more acidic

Acidity: SO3  SO2;
N2O5  N2O3
· Element with higher oxidation state = Central atom carries more positive charge

· Accept e– more readily (Lewis acid)

Amphoteric oxide:

· React as basic oxide with strong acid and as acidic oxide with strong base

· Example: BeO, Al2O3
Size of metallic ion is small and low electropositivity

· Partially ionic & partially covalent

· BeO(s) + 2H+(aq) (( Be2+(aq) + H2O()
BeO(s) + 2OH–(aq) + H2O() (( [Be(OH)4]2–(aq)
· Al2O3(s) + 6H+(aq) (( 2Al3+(aq) + 3H2O()
Al2O3(s) + 2OH–(aq) + 3H2O() (( 2[Al(OH)4]–(aq)
Neutral Oxide:

· Oxides that does not react with acid, alkaline nor water

· Non-metallic oxide with low oxidation state

· CO, N2O, NO2, ClO2
· The central atom is not positive enough to accept e–
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