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S : . . Marks
» Carbon monoxide is commonly used in the reductianoa ore to iron metal. Iron 5

ore is mostly haematite, ®s, in which case the complete reduction reaction is:
FeOs(s) + 3CO(g) — 2Fe(s) + 3Ceig) AH° = —25 kJ mott

Incomplete reduction, however, results in the fdramaof magnetite, F©,:
3Fe0s(s) + CO(g) — 2FeO4(s) + CQ(g) AH° =-47 kJ mof*

Use these heats of reaction to calculate the gntltddlange when one mole of
magnetite is reduced to iron metal using carbonorle.

The required reaction is:
Fes04(s) + 4CO(g)~> 3Fe(s) + 4CQ(Q)
The second reaction in the question is reversed #uat it leads to loss of FgDy(s):
2Fe304(s) + COx(g) 2 3Fe043(s) + CO(Q) AH° = +47 kJ mor*
This reaction is then added to 3 x the first reaabn:

3Fe0s(s) + 9CO(g) - 6Fe(s) + 9CQ(g) AH® = 3 x =25 kJ mot*
2Fe;04(s) + COy(g) > 3Fe0s(s) + CO(Q) AH° = +47 kJ mor*

2Fe304(s) + 8CO(g)~> 6Fe(s) + 8CQ(g) AH® = (-75 + 47) kJ mot*

The chemical reaction is exactly twice that requird, so for one mole of FgD4(s),
the AH® = (-75 + 47) / 2 kJ mof* = -14 kJ mol™.

Alternatively, using the data in the next part of he question,
ArxnH® = ZmAsH°(products) - XnA¢H°(reactants),
ArxnH® = [4AtH®(CO2(g)] — [ArH°(Fes04(s) + AsH°(CO(g)]
AiH°(Fe(s)) = 0 as it is an element in its standardage.
Hence using the data in the table below:

AnnH® = ([4 % -394] —[-1118 + 4 x -111]) kJ mdl= -14 kJ mol*

Answer:AynH® = -14 kJ mol*

ANSWER CONTINUES ON THE NEXT PAGE
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Another iron oxide that can be formed as an inteliate during reduction is FeO.
Use the following table of thermochemical datalow whether the formation of

FeO from FgO, is spontaneous or not at 25 °C.

AH (kImol) | & (I K'mo™)
FeO —272 61
FeO, -1118 146
cO -111 198
CO; -394 214

For the reaction,

FesO4(s) + CO(g)-> 3FeO(s) + CQ(g)

AnnH® = ZmA:H°(products) - XnA:H°(reactants)

= ([3 x -272 -394] — [-1118 — 111]) kJ midl= +19 kJ mol*

ArnS® = XmS°(products) - ¥nS°(reactants)
= ([3 x 61 + 214] — [146 + 146]) J Kmol™* = +53 J K* mol*

Thus,

ArnG® = ApnH® -TApn S°
= (+19 x 16 J mol™) — (298 K)(53 J K* mol™)

= +3200 J mott = +3.2 kJ mot*

As AxnG° > 0, the reaction is not spontaneous.




