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InorgChem – Halogens

Halogen

Halogen:

· Group VII elements

· Fluorine, Chlorine, Bromine, Iodine, Astatine

· Electronic configuration: [ ]ns2np5
· Outermost shell is not screened effectively

· Small atomic size, high ionization enthalpy

· Outermost shell electron experiences a strong nuclear attraction

Properties of Halogen:

· Electronegativity:

· Electronegativity is the relative tendency of an atom to attract a bonding electron

· Halogen are small atoms with large ENC

· Attract electron to complete the octet

· Very high electronegativity

· Electron affinity:

· E.A. is the amt of energy absorbed / released when X + e– (( X– for one mole

· Measures how easily the halogen forms halide ion

· Halogen: Small and high electronegativity

· Highly exothermic E.A.

· Bonding and Oxidation state:

· Halogens are highly electronegative

· Forms halide ions easily

· Forms ionic bonds with metal easily

· O.N. of halide in ionic compound = –1

· All halogens can share its unpaired p-electrons with other atoms to form covalent bond

· O.N. can be +1 or –1, depended on the bonding atom’s EN

· F always have O.N. = –1 as it is most electronegative among all elements

· Halogens Cl, Br, I can expand its octet by using the low-lying vacant d-orbitals

· O.N. ranging from –1 to +7

· Color:

· Halogen absorb energy to excite electrons to low-lying orbitals

· Smaller halogen atoms absorb more energy, large atoms absorb less energy

· Fluorine absorbs high energy violet light and appears yellow

· Iodine absorbs low energy yellow light and appears violet

Variation of Properties:

· Down the group, halogen atoms becomes bigger

· Stronger van der Waals’ force

· MP, BP increases

· Electronegativity down the group is decreasing

· As atomic size larger and more screening ( Weaker ENC

· F is most electronegative among all elements

· I has low EN and it may become electropositive in some cpds like I2O5, KIO4
· Electron affinity is generally decreasing down the group

Cl  F  Br  I

· Down the group, atomic size inc., nuclear attraction dec.

· F  Cl because F is small-sized and the electronic repulsion is strong

Chemical Reactions

Oxidation:

· Halogens are oxidizing

Oxidation properties due to its Electron affinity, Hydration enthalpy & Atomization enthalpy

· 
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· Oxidizing power: F2  Cl2  Br2  I2
· High oxidizing power of halogens makes them reacts with metals readily:
  M(s) + nX2(g) (( MXn
· F is strong enough to form AuF & AgF

· Cl can oxidize most common metal

· I can only oxidize some reactive metal

· F & Cl is highly oxidizing enough to oxidize non-metals

· F oxidize all non-metals even Xe to form XeF2, XeF4, XeF6
· Cl oxidizes P & S

Sodium:

· All halogens reacts with sodium to form NaX

Reactivity decreases down the group

· H of formation of NaCl is highest as Cl– is small size and LE of NaCl is high

Iron(II):

· Cl2(aq) and Br2(aq) can oxidize Fe2+ to Fe3+
· I2(aq) is mild oxidizing agent and not strong enough to oxidize Fe2+
Refer to standard electrode potential, I2 ( 2I– has a higher E[image: image2.wmf] than that of Fe3+ ( Fe2+
Phosphorus:

· Halogen + Red phosphorus (( Phosphorus halide

· Since P has low-lying vacant d-orbitals, P is able to form trihalides (PX3) or pentahalides (PX5)

· F2(g) and Cl2(g) can oxidize P to max. oxidation state

· PCl5 and PF5 as the only product

· Br2(() and I2(g) are weaker and only trihalides formed

· Br2(() + P (( PBr3
· I2(g) + P (( PI3
Reactions with Water:

· F2(g) can oxidize water readily:
  2 F2(g) + H2O(() (( 4 HF(aq) + O2(g)
· Cl2(g) is less reactive and disproportionation occurs:
  2 Cl2(g) + H2O(() (( HCl(aq) + HOCl(aq)
· Hydrochloric and & Chloric(I) acid formed

· Chlorate(I) ion is unstable and it decomposes when exposed to sunlight or at high temperatures:
  2 OCl– (( 2 Cl– + O2
· Chlorine water has bleaching property due to chlorate(I) ion is unstable and oxidizes dye easily

· Br2 can undergo hydrolysis and forms hydrobromic acid and bromic(I) acid:
  2 Br2(g) + H2O(() 
[image: image3.wmf] HBr(aq) + HOBr(aq)
· OBr– ion still have the bleaching property as OCl–
· I2 have no reaction with water as it is only slightly soluble in water

Alkali:

· Halogens reacts with alkali and undergoes disproportionation

· Fluorine react with 2% cold NaOH gives oxygen difluoride:
  2F2(g) + 2NaOH(aq) (( 2NaF(aq) + OF2(g) + H2O(()
· When a more concentrated NaOH is used, O2 is formed when react with F2(g):
  2F2(g) + 4NaOH(aq) (( 4NaF(aq) + O2(g) + 2H2O(()
· Chlorine react with cold dilute NaOH:
  2Cl2(aq) + 2NaOH(aq) (( NaCl(aq) + NaOCl(aq) + H2O(()
· When reacts with hot, concentrated NaOH, it gives sodium chlorate(V):
  3Cl2(aq) + 6NaOH(aq) (( 5NaCl(aq) + NaClO3(aq) + 3H2O(()
· Br2(aq) undergoes reversible reaction with NaOH:
  Br2(aq) + 2NaOH(aq) 
[image: image4.wmf] NaBr(aq) + NaOBr(aq) + H2O(()
· However, 3NaOBr (( 2NaBr + NaBrO3, thus the overall equation:
  3Br2(aq) + 6NaOH(aq) 
[image: image5.wmf] 5NaBr(aq) + NaBrO3(aq) + 3H2O(()
· I2(aq) reacts with NaOH similar to Br2(aq):
  I2(aq) + 6NaOH(aq) 
[image: image6.wmf] NaI(aq) + NaIO3(aq) + 3H2O(()
· If iodate(V) mixed with iodide in acid, iodine is given out:
  KIO3(aq) + 5KI(aq) + 6H+(aq) 
[image: image7.wmf] 3I2(aq) + 3H2O(() + 6K+(aq)
· I2(aq) + 2S2O32​–(aq) (( 2I–(aq) + S4O62–(aq)
Reaction of Halogen Compounds

Halide + Halogen:

· Cl2 + 2Br– (( 2Cl– + Br2
· Cl2 + 2I– (( 2Cl– + I2
· Br2 + 2I– (( 2Br– + I2
Conc. Sulphuric(VI) acid:

· Conc. H2SO4 is an oxidizing acid

· H2SO4 exhibits acidic properties on chloride:
  2NaCl + H2SO4 (( Na2SO4 + 2HCl

· H2SO4 will exhibit both acidic and oxidizing properties on bromide and iodide

· Acidic properties:
  2NaBr + H2SO4 (( Na2SO4 + 2HBr
  2NaI + H2SO4 (( Na2SO4 + 2HI

· Oxidizing properties:
  2HBr + H2SO4 (( Na2SO4 + 2HBr
  2HI + H2SO4 (( Na2SO4 + 2HI

· Confirmatory test for chemicals:

· HBr, HI: White fume when react with NH3
· HCl: White fume when react with NH3; Turns blue litmus red but do not bleach

· SO2: Reduces orange Cr2O72– to green Cr3+
· H2S: Darkens lead(II) ethanodate paper

· Br2: Red color in hexane

· I2: Violet color in hexane

Reducing property: HI  HBr  HCl

Conc. Phosphoric(V) acid:

· Phosphoric(V) acid is not oxidizing

· React with halides to give HX only

· 3NaX(s) + H3PO4(() (( Na2PO4(s) + 2HX(g)
Silver ion:

· Halide react with AgNO3 solution readily

· X–(aq) + Ag+(aq) (( AgX(s)
· Precipitates formed as silver halide is insoluble

· Excess dilute HNO3 is added normally to remove other insoluble silver salts:
  Ag2CO3(s) + H+(aq) (( Ag+(aq) + CO2(g) + H2O(()
  Ag2SO4(s) + H+(aq) (( Ag+(aq) + SO2(g) + H2O(()
· If AgCl(s) formed, a white ppt is given
If AgBr(s) formed, a pale yellow ppt is given
If AgI(s) formed, a yellow ppt is given

· When NH3(aq) is added, AgCl dissolves as complex [Ag(NH3)2]Cl(aq) formed instead

· AgBr dissolves slightly if NH3 is added, but AgI will not dissolve at all

· If AgCl(s) exposed to light, it turns gray
If AgBr(s) exposed to light, it turns yellowish gray
· AgF is soluble in water, thus it cannot be tested by silver ion

Acidic properties:

· HX(g) + H2O(() 
[image: image8.wmf] H3O+(aq) + X–(aq)
· HCl, HBr, HI are strong acid in water

Acid strength: HI  HBr HCl  HF

· HF is a weak acid as the H​–F bond is very strong (Ka=7(10–4)

· If HF(aq) is concentrated, HF(aq) + F–(aq) 
[image: image9.wmf] HF2–(aq) will shift to right as HF is in excess

The consumption of F– shifts HF(g) + H2O(() 
[image: image10.wmf] H3O+(aq) + F–(aq) to right

· Acidity enhanced

· 5M to 15M HF(aq) is a strong acid
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H = Hatom + EA + Hhyd
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