Unit 4
Rings, polymers and analysis

Chapter 2 Carbonyl compounds
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b A: aldehyde
B: ketone
C: aldehyde
D: ketone
E: aldehyde
F: ketone
¢ CcHgO,
d C from 2-phenylethanol, C;H;CH,CH,OH
D from 1-phenylethanol, CsH;CH(OH)CHj,
e Any three of the following:

Pentanal Pentan-2-one Pentan-3-one 2-methylbutanal 3-methylbutanal

2 Carbonyl compound: butanone, CH;COCH,CHj,4
Reagents and conditions: NaBH,, water as solvent
Balanced equation: CH;COCH,CH, + 2[H] — CH;CH(OH)CH,CHj,4
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Chapter 2 Carbonyl compounds
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In the reaction with Tollens' reagent the Ag*ion will be reduced to metallic Ag(s)
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Chapter 2 Carbonyl compounds
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CH3CHO — molecular formula is C;H,0

There are four hydrogens, giving a total of +4 and one oxygen (-2). Hence, the contribution from
the carbon atoms must add up to —2, which means that the theoretical oxidation number of each

carbon is 1.
Oxidation Oxidation Oxidation
number number number
=? =+1 ==2

N

CH3CO0H — molecular formula is C,H40,

There are four hydrogens, giving a total of +4 and two oxygens (—4). Hence, the contribution from
the carbon atoms must add up to 0, which means that the theoretical oxidation number of each
carbon is 0.
The oxidation number of each carbon changes from —1 to 0. Hence two electrons are lost:
CH,CHO — CH,COOH + 2e~
This can be balanced by including H,O. The half-equation for the oxidation of ethanal to ethanoic
acid is:
H,O + CH,CHO — CH,COOH + 2~ + 2H*
The half-equation for the reduction of the dichromate is:
14H" + Cr,0,% + 6e~ — 2Cr>" + 7H,0
This means that the half-equation for the oxidation of ethanal has to be multiplied by 3, thus:
3H,0 + 3CH,CHO — 3CH,COOH + 6¢~ + 6H*
Adding together the two half-equations:
3H,0 + 3CH,CHO — 3CH,COOH + 6e~ + 6H*
14H" + Cr,0,% + 6e~ — 2Cr®* + 7H,0
gives:
3H,0 + 3CH;CHO + 14H* + Cr,0,% + 6e~ — 3CH3;COOH + 6e~ + 6H" + 2Cr3* + 7H,0
This simplifies to:
3CH,CHO + 8H" + Cr,0,2~ — 3CH,COOH + 2Cr3* + 4H,0
Therefore, the fully balanced equation is:
3CH,CHO + 4H,S0, + K,Cr,0, — 3CH,COOH + Cr,(S0,); + 4H,0 + K,SO,
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Chapter 2 Carbonyl compounds
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