C. Y. Yeung (AL Chemistry)

F7 AL Chemistry (Tutorial 34)

~ Suggested Solution ~
1.

State and explain briefly the trend of the properties listed below increase or decrease down Group VII (the halogen group).


(a)
ionic radius
As the number of shells increases down group, the increasing screening effect weakens the nuclear attraction experienced by the incoming electron. Therefore, the ionic radius of halide ion decreases down group.


(b)
strength of van der Waals’ forces

The strength of van der Waals’ forces among halogen molecules increases down group, as larger electron cloud has a greater polarizability which results in stronger London forces between the non-polar halogen molecules.


(c)
melting point / boiling point

Both the melting and boiling points increase down group because more energy is required to overcome the increasing strength of intermolecular forces.


(d)
polarizability
The polarizability of halogen molecules increases down group, due to the increasing size of electron cloud.


(e)
first ionization enthalpy

The number of shells increases down group, the increasing screening effect weakens the nuclear attraction experienced by the outermost electron. Thus the first ionization enthalpy decreases down group.


(f)
electronegativity
As the halogen atoms gets bigger, bonding pair gets further and further away from the halogen nucleus, and so is less strongly attracted towards it. Thus, the elements become less and less electronegative.


(g)
electron affinity

As the atom gets bigger, the incoming electron is further from the nucleus and so experiences less nuclear attraction. The electron affinity therefore decreases down group in general. However, in the case of fluorine, because the atom is very small, the existing electron density is very high. That means the extra repulsion is particularly great and lessens the nuclear attraction and lowers the electron affinity below that of chlorine.


(h)
bond dissociation enthalpy
As the atoms gets bigger, the bonding pair gets further from the nuclei and therefore the bond strength decreases from Cl2 to I2. However, the bond in F2 is remarkably weak because of the repulsion between non-bonding pairs of electrons.


(i)
oxidizing power

The oxidizing power of halogen decreases down group.

Halogen molecule exhibits its oxidizing power through atomization followed by hydration, resulting in the formation of hydrated halide ions.
The atomization energy of F2 is abnormally low due to the weak F – F bond, while the F- ion is very small and there is a very strong attraction between the F- ion and water molecules. The overall reduction process is quite exothermic and thus fluorine shows the highest oxidizing power.
Atomization energy of halogen decreases down group due to the decreasing bond strength of halogen molecule. Meanwhile, as the ion gets bigger, the ions become less attractive to water molecules. The hydration of halide ions becomes less exothermic down group. Consequently, the reduction process becomes less energetically feasible and the oxidizing power of halogen decreases down group.
2.
Given the following values of standard reduction potential:




Cl2(g) + 2e- ( 2Cl-(aq)







E  = +1.36V



Br2(g) + 2e- ( 2Br-(aq)







E  = +1.07V



I2(g) + 2e- ( 2I-(aq)








E  = +0.54V


2ClO-(aq) + 2H2O(l) + 2e- ( Cl2(g) + 4OH-(aq)



E  = +0.40V


2BrO-(aq) + 2H2O(l) + 2e- ( Br2(g) + 4OH-(aq)



E  = +0.45V


2IO-(aq) + 2H2O(l) + 2e- ( I2(g) + 4OH-(aq)




E  = +0.45V


2ClO3-(aq) + 6H2O(l) + 10e- ( Cl2(g) + 12OH-(aq)


E  = +0.48V


2BrO3-(aq) + 6H2O(l) + 10e- ( Br2(g) + 12OH-(aq)


E  = +0.47V


2IO3-(aq) + 6H2O(l) + 10e- ( I2(g) + 12OH-(aq)



E  = +0.20V

Predict whether the disproportionations of Cl2, Br2 and I2 to halate(I) and halate(V) ions in alkaline medium are energetically feasible.



Ecell = Ecathode – Eanode


Disproportionation of Cl2 to ClO-:
Ecell = +1.36 – (+0.40) = +0.96V > 0,

Therefore it is energetically feasible.


Disproportionation of Br2 to BrO-:
Ecell = +1.07 – (+0.45) = +0.62V > 0,


Therefore it is energetically feasible.


Disproportionation of I2 to IO-:

Ecell = +0.54 – (+0.45) = +0.09V > 0,


Therefore it is energetically feasible.


Disproportionation of Cl2 to ClO3-:
Ecell = +1.36 – (+0.48) = +0.88V > 0,


Therefore it is energetically feasible.


Disproportionation of Br2 to BrO3-:
Ecell = +1.07 – (+0.47) = +0.60V > 0,


Therefore it is energetically feasible.


Disproportionation of I2 to IO3-:

Ecell = +0.54 – (+0.20) = +0.34V > 0,


Therefore it is energetically feasible.
3.
(a)
Explain what is meant by “disproportionation”, and write an equation involving a compound of chlorine to illustrate your answer.
It is a reaction in which a single species is oxidized and reduced simultaneously.

(b)
Write the balanced equation for the reaction that occurs when chlorine gas is passed into an aqueous sodium hydroxide solution at



(i)
298 K
Cl2 + 2NaOH ( NaCl + NaOCl + H2O



(ii)
343 K
3Cl2 + 6NaOH ( 5NaCl + NaClO3 + 3H2O

(c)
At each of the above temperatures, iodine solid instead of chlorine gas is added to the aqueous sodium hydroxide solution. Would you expect the reaction of iodine with sodium hydroxide to be similar to the case of chlorine?  If not, explain why a different reaction take place.
The reactions of iodine with sodium hydroxide solution at 298K and 343K are the same, because the disproportionation of IO- to give I- and IO3- is very fast at both 298K and 343K.
4.
Explain the following reactions:

(a)
Fluorine reacts with phosphorous to give PF5, while iodine reacts with phosphorous to give PI3 instead of PI5.
Fluorine atom is so small such that the phosphorus atom could bond to five fluorine atoms with low steric hindrance which is considerably high in the case of PI5.

(b)
Chlorine and bromine react with iron filings to give FeCl3 and FeBr3 respectively, but iodine reacts with iron filings to give FeI2 only.
As the iodide ion has a larger size than Cl - and Br -, it has a less negative enthalpy change of hydration. The reduction process of iodine to iodide is less exothermic than that of chlorine and bromine.

Consequently, iodine is a weaker oxidizing agent, and therefore it can only oxidize Fe to Fe2+ instead of Fe3+.
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