
Section B

Answer all questions on foolscap paper.
Begin each question on a fresh page of writing paper.

1 (a) Many carboxylic acids are produced industrially on a large scale and are often involved in the 
production of polymers, pharmaceuticals, solvents and food additives.

The acidities of 2-chlorobutanoic acid and 2-fluorobutanoic acid are compared with butan-1-ol. 
Arrange the three compounds in order of increasing acidity. Explain your answer.  

CH3CH2CHCO2H
2-chlorobutanoic acid

Cl
CH3CH2CHCO2H

2-fluorobutanoic acid

F
CH3CH2CH2CH2OH

butan-1-ol
[5]

(b) Suggest a simple chemical test to distinguish butan-1-ol and 2-chlorobutanoic acid. State the
reagent and condition for the test, and the observation you would expect to make.

[2]

(c) Solvent-solvent extraction is a widely employed method to obtain organic compounds from
mixtures. A 0.2 g solid mixture containing 4-nitrophenylamine, benzoic acid and naphthalene
was dissolved in 2 cm3 of dichloromethane.

CO2H

benzoic acid naphthalene

NH2

4-nitrophenylamine

NO2

[4-nitrophenylamine is a base of low solubility in water.]

To extract one of the organic compounds from the dissolved mixture, 2 cm3 of aqueous NaOH 
was subsequently added and the mixture was shaken vigorously. As dichloromethane and 
water are immiscible, the mixture separated into two layers. 

Layer Solvent Formula Density / g cm 3 Boiling point / C 
Organic Dichloromethane CH2Cl2 1.33 39.6
Aqueous Water H2O 1.00 100

(i) Explain which layer is on top.

(ii) State the type of reaction that occurred upon addition of aqueous NaOH. Write an
equation for the reaction.

(iii) Suggest which of the three compounds was extracted by the aqueous layer. Explain.
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The aqueous layer was removed from the organic layer and cooled in an ice bath. HCl was 
gradually added to the layer and the solid formed was isolated by filtration.

(iv) Suggest the role of ice bath.

(v) Explain the difference in boiling points between the two solvents, dichloromethane and 
water.

(vi) Suggest why dichloromethane is a suitable solvent in this experiment, apart from its 
ability to dissolve all three organic compounds. 

[9]

(d) Volumetric analysis was conducted on a 2 g solid mixture of 4-nitrophenylamine, benzoic acid 
and naphthalene. 4-nitrophenylamine is a base of low solubility in water. 

30 cm3 of 0.5 mol dm 3 NaOH was added to the solid mixture. The reaction mixture was 
filtered and the filtrate diluted to 100 cm3. 17.00 cm3 of 0.1 mol dm 3 HClwas needed to react 
with the excess NaOH in a 25 cm3 aliquot of diluted solution. 

When excess acid was added to the residue from the previous step, 0.44 g of unreacted solid 
naphthalene was recovered. 

(i) Calculate the amount of unreacted NaOH in 100 cm3 of diluted filtrate. 

(ii) Hence calculate the percentage of 4-nitrophenylamine in the mixture. 

[Mr: benzoic acid, 122.0; 4-nitrophenylamine, 138.0; naphthalene, 128.0]
[4]

[Total: 20]
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Answers to 2014 JC1 H1 Promotional Examination

Section B

Answer all questions on foolscap paper.
Begin each question on a fresh page of writing paper.

1 (a) Many carboxylic acids are produced industrially on a large scale and are often involved in the 
production of polymers, pharmaceuticals, solvents and food additives.

The acidities of 2-chlorobutanoic acid and 2-fluorobutanoic acid are compared with butan-1-ol. 
Arrange the three compounds in order of increasing acidity. Explain your answer.  

CH3CH2CHCO2H
2-chlorobutanoic acid

Cl
CH3CH2CHCO2H

2-fluorobutanoic acid

F
CH3CH2CH2CH2OH

butan-1-ol
[5]

Order of acidity:
butan-1-ol< 2-chlorobutanoic acid <2-fluorobutanoic acid
[General explanation] Acid strength is dependent on stability of anion, for more
stable anions, protons leave the acid molecules more readily and the acids are
stronger.
The carboxylic acidsare stronger as there is delocalisation of negative charge (or
electrons) over the two oxygen atoms in the carboxylate ion. The negative charge is
dispersed, stabilizing the anion.
The negative charge is confined on the oxygen atom of the butoxideand
is intensified by electron releasing alkyl group, making the butoxide ion less stable.
Thus butan-1-ol is the weakest acid.
2-fluorobutanoic acid is a stronger acid than 2-chlorobutanoic acid as F atom is a
stronger electron withdrawing group (or F is more electronegative). The negative
charge on the anion is more dispersed, thereby stabilizing the ion.

(b) Suggest a simple chemical test to distinguish butan-1-ol and 2-chlorobutanoic acid. State the
reagent and condition for the test, and the observation you would expect to make.

[2]
Add aqueous sodium carbonate, room temperature, to the compounds separately
Effervescence of CO2 will be observed for 2-chlorobutanoic acid only

Or 
Add acidified KMnO4, with heating, to the compounds separately
Decolorisation of purple KMnO4observed for butan-1-ol

Or 
Add acidified K2Cr2O7, with heating, to the compounds separately
K2Cr2O7 changes from orange to green for butan-1-ol

Note: Accept also tests on chloroalkanes for 2-chlorobutanoic acid
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CH3CH2CHCO2H
2-chlorobutanoic acid

Cl
CH3CH2CHCO2H

2-fluorobutanoic acid

F
CH3CHCH22CH2CH2OH

bbutaann-1-ol

Order of acidity:
butan-1-ol< 2-chlorobutanoic acid <2-fluorobutanoooooooooooooicicicicicicicicicicicicicccccccccicccccccccccccccccccccccccccccci aaaaaaaaaaaaaaaaaaaaacicicicicicicicicicciciciciciciciciciiciciiicicciciciiciiccciiciciciicccccc dddddddddddddddddddddddddddd
[General explanation] Acid strength isss depennnnnnnnnnnnndddddededededededededdededededdededededededededeededededeededeedededeeedededeeedeeeddddddddeededeeentnttnntntntntntntntntntntnttntntntntnttnttntntntntntntnttttntntntntttntntnnntntntntntntntnntntnntntnnntttntntttttttt ooooooooooooooooooooooooooooooooooooooooon n n nn nnnnnnnnnnnnnnnnnnnnnnnnn nnnnnnnnnnnnnnnnnnnnnnnnnn stststststststststststs abilititititititititititity yy y y yy y y y y ofofofofoofofofofofof anion, f
stable anions, protons leave the aciddd mmomoooooooooooooooooleleleleleeleleleleeleleleleleleleeeeeeleeeleeelleeeeeeeleeeleeeeeeeeeeleeeeeeeeeeeeeecucucucucucucucucucucucucucucucucucuucuuucucucucuucucuucuuuucuuuucucuccuucucuuucucuuuuuuuccccccucuucuucuuuulelellleleleleleelelelelellelelelelelelelelelelelllllelelleleleleleleleleeeeleleleleellelelleleeeleeesssssssssssssssssssssssssssssssssssssssssssssssss momomomomommomomomomomomomomoomomomomomomomomomoomomomomommomomomommmomommoommmooooomoomoooommoomoomoom rererererrrrrrererererererererrrrrrrerererrerrrrrerrreeeeeeeeeeeeeeee  rererererererererereadadadadadadadaadadadililliilllillily y y yy y yy yy y y ananananananananananndddddd ddddd the a
stronger.
The carboxylic acidsare strongererer aaas thererere iiiiis ss delocalisaaaaaaaaaaatttttitttttt ononooooooooo offfff f fffff neneneneneneneneneneen gative ch
electrons) over the two oxyxyxygegegennn ataa omomomsss in theee cccarboxylateeeeeeeeeee iononooooooooo . The negative c
dispersed, stabilizing theeeeeeee aaanion.
The negative chaaarge isss ccconononfififineneneddd ononon the oooxyxx gen atom of the buto
is intensified by eeeleeectctctrororon releeeasaa inggg aaalkyl grouououppp, , , mamamaking the butoxide ion les
Thus butann-1-1-1-ol isss thehehe wwweaeaeakeeestss  aciciciddd.
2-fluorooobubb tatatanoooic aaaciiiddd isisis aaa stststrorr ngererer acacacididid ttthahahan 2-chlorobutanoic acid as F a
strongererer electctctrooon wwiw ttthdrawinininggg gggrouououppp (o(o(or rr F F is more electronegative). The 
chchchaaargeee ooon the aaanioioionnn isss more dididispspsperseseseddd, thereby stabilizing the ion.

Suggestttttttttt a sssissssssss mpmpmpmpmpmpmpmpmpleleleleleleleelelee chehehhhhehehehehhemicaaacacaacaacacaallllll tetetetetetetetetettesstststsststssss tttttttttttooo oooooooo didididididididddidistinguish butan-1-ol and 2-chlorobutanoic acid.
reagent anananananananannndddddddddd cocccccc ndition fofofofofofofofofofor rrrr r rrrrr ththththththththththhe ee ee eeeeee teteteteteteteteteetestssssssssss , and the observation you would expect to make.

Add aqueoeoeoususus sssodddiuiuiummm carbonate, room temperature, to the compounds sepa
Effervesceencncnceee ofofof CO2 will be observed for 2-chlorobutanoic acid only

Or 
Add acidified KMnO4 with heating to the compounds separately



(c) Solvent-solvent extraction is a widely employed method to obtain organic compounds from 
mixtures. A 0.2 g solid mixture containing 4-nitrophenylamine, benzoic acid and naphthalene 
was dissolved in 2 cm3 of dichloromethane. 

CO2H

benzoic acid naphthalene

NH2

4-nitrophenylamine

NO2   [4-nitrophenylamine is a base of low solubility in water.] 
To extract one of the organic compounds from the dissolved mixture, 2 cm3 of aqueous NaOH 
was subsequently added and the mixture was shaken vigorously. As dichloromethane and 
water are immiscible, the mixture separated into two layers. 

Layer Solvent Formula Density / g cm 3 Boiling point / C
Organic Dichloromethane CH2Cl2 1.33 39.6
Aqueous Water H2O 1.00 100

(i) Explain which layer is on top.

Aqueous layer, since water has a lower density.

(ii) State the type of reaction that occurred upon addition of aqueous NaOH. Write an 
equation for the reaction.

Neutralisation took place between NaOH and benzoic acid, forming the salt, 
sodium benzoate, and water.

CO2H

+ NaOH

CO2
-Na+

+ H2O

(iii) Suggest which of the three compounds was extracted by the aqueous layer. Explain.

Benzoic acid
Sodium benzoate (formed from reaction with NaOH) formed ion-dipole 
interactions with water which released sufficient energy to overcome the 
strong ionic bonds in sodium benzoate and hydrogen bonds in water, making 
it soluble in the aqueous medium.

Note: The salt sodium benzoate is charged and has a decreased solubility in 
dichloromethane. This facilitates the extraction of the salt into the aqueous 
medium. 
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[4-nitrophenylamine is a base of low solubility in water.]

To extract one of the organic compounds from the dissolved mixture,e, 2 cmm3 of aqueo
was subsequently added and the mixture was shaken vigorouslsly.y. AAss didichlorometh
water are immiscible, the mixture separated into two layers. 

Layer Solvent Formula Densssssssssssititttititititttititititttitttttttittttttttittttttttty yy yyy y y y y yyyyyy y yyy y yyyy y yyyyyy y yyy yyyyyyy yyyyyyyy / // // / /// ggggggggggggggggggggggggggggggggggggggggggg cmcmcccccccccccc 3 BoBoililining point /
Organic Dichloromethane CH222222222CCCCCCCCCCCCl2 1.11.1.1.1..111.1.1.1.1.11.1.11111.1111.1.1.11.111111.1.1..11.11 33333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333333 39.6
Aqueous Water H2OOOOOOOOOOO 1.1.1.11.1.1.1.11111.1.11.1.11.111.1.11111111111.1.1.111111 00000000000000000000000000000000000000000000000000000000 100

(i) Explain which layer is on totototootototototot p.p.p.p.ppp.pp

Aqueous layeer, sincecece watatatererer hhhasss aaa lololowwwer deeennsn ity.

(ii) State the tytytytytyttytytytytype ooooooooof rereeereeeeeeeacacacacacaaaaaa titittititititiiionooooooooo ttttttthahaaaaaaattt tt ocococcococococococccurrrrrrrrrrredededededededededeed uuuuuuuuuupopopopopopopopopopoponnnnnnnnnnn addition of aqueous NaOH. 
equationonononononononono fffffffffforoooooooooo tttttttttthe reaeaeaaeaeeae ctctctctctctctctctctc ioioioioioioiooioion.nn.n.nnn.nnnn.

NeNeNeuutralisaaatiiionoo tooook plaaacecece bbbetwtwweeeeen NaN OH and benzoic acid, forming
sososodididiumuu  bennnzoooatatate, ananand d d wawawateteteeer.

CO2H

+++++++++++ NaOH

CO2
-Na+

+ H2O

(iii) S t hi h f th th d t t d b th l E



The aqueous layer was removed from the organic layer and cooled in an ice bath. HCl was 
gradually added to the layer and the solid formed was isolated by filtration.

(iv) Suggest the role of ice bath.

To decrease the solubility of benzoic acid solid formed through lowering the 
temperature so as to obtain a higher yield.

(v) Explain the difference in boiling points between the two solvents, dichloromethane and 
water.

[1 mark for structure and bonding, 1 mark for explanation]

Both compounds have simple molecular structure. A larger amount of energy is 
required to overcome the stronger hydrogen bonds between water molecules, 
compared to the weak van der Waals forces between dichloromethane molecules. 
Thus water has a much higher boiling point.

(vi) Suggest why dichloromethane is a suitable solvent in this experiment, apart from its 
ability to dissolve all three organic compounds. 

[9]

It can be easily removed/heated off to obtain the pure compounds due to 
its low boiling point. 

(d) Volumetric analysis was conducted on a 2 g solid mixture of 4-nitrophenylamine, benzoic acid 
and naphthalene. 4-nitrophenylamine is a base of low solubility in water. 

30 cm3 of 0.5 moldm 3NaOH was added to the solid mixture. The reaction mixture was filtered 
and the filtrate diluted to 100 cm3. 17.00 cm3 of 0.1 moldm 3HClwas needed to react with the 
excess NaOH in a 25 cm3 aliquot of diluted solution. 

When excess acid was added to the residue from the previous step, 0.44 g of unreacted solid 
naphthalene was recovered. 

(i) Calculate the amount of unreacted NaOH in 100 cm3 of diluted filtrate. 

No. of moles of unreacted NaOH in 25 cm3

= No. of moles of HCl
= 0.1 = 1.70 10 3mol

No. of moles of unreacted NaOH in 100 cm3

= 1.70 10 3 4 = 6.80 10 3mol

(ii) Hence calculate the percentage of 4-nitrophenylamine in the mixture. 

[Mr: benzoic acid, 122.0; 4-nitrophenylamine, 138.0; naphthalene, 128.0]
[4]

No. of moles of benzoic acid 
= No. of moles of reacted NaOH
= 0.5 - 6.80 10 3 

= 8.20 10 3mol
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required to overcome the stronger hydrogen bonds between water mo
compared to the weak van der Waals forces between dichloromethane mo
Thus water has a much higher boiling point.

(vi) Suggest why dichloromethane is a suitable solvent in thihis s exexpeperirimment, apart
ability to dissolve all three organic compounds. 

It can be easily removed/heateddd off tooooooooooooooo ooooooooooooooooooooooooooooooooooooooooooooooooobtbtbtbtbtbtbtbtbtbtbtbtbtbtbtbtbtbtbtbtbtbtbtbbbtbbtbtbtbtbbtbtbtbtbtbtbtbtbttbtttbtbtbttbtbbbtbtbttbtbbbbtbbttaiaiaaiaiaiaaaiaiaiaiaiaiaiaaaiaaaaiaiaiaiaiaaaaaiaiaiaiaiaiaiaiaiaiaiaaaaaaaaaaaaiaiainnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn tttththtttthtthtttthtttthtttttttthttththttthtththtttthtttttttthhththttttttthe eee e e e ee ee eee purerererererererererere cccccccccccomomomomomomomomomommo pounds
its low boiling point.

Volumetric analysis was conducteeeeedddddddddd onoooooooo aaaaaaaaaaa 22222222222 g solidddddddddd mmmmmmmmmmmmmmmmmixture of 4-nnitrtropo heenynylalamine, ben
and naphthalene. 4-nitrophenyyyyyyyyylalalalalalalalalalamimimimmimimimmimm nenenenenenenenenee iiiiiiiiiss ssssssss aaaaaaaa babababababababaaaase of loowwwww wwwwwww solubility iinn waw ter. 

30 cm3 of 0.5 moldm 3NaNaNaNaNaNaNaNaNaNaaOH wwwwasasasasasasasasaass aaaaaaaaaaadddddddddddddddddddededededededededd tooooooooooo thhhe solid ddd dddd d mmmmimmmmm xxxtxxxxxxxx ure. The reaction mixture wa
and the filtrate diluted to oooooooo o 100000000000 0000000000 cm3........ 1711111111 .0000000000 000000 cccmcccccc 3 of 0000000.1.1.111.111111 mmmmmmmmmmmololololololoololololdddmddddddd 3HClwas needed to reacll
excess NaOH innnnnnnn aaaaaaaaaaa 25 ccccmcmcccccc 3 alalalalaalaaaa iqiiiiiiii uouououououououooot tttttttt ofofofofofofofofofo ddddddddililiililililutututututututututeede sssssoololoooooooo ututututututuutututioioioioiooioioioion.n.nnn.n.nn.n. 

When exceeeseeeeee ssss ssssss aciddddddddddd wwwwwwwwwaaaaaaaaaas adadadaddadadadadada dedddddd d to tttttttttttheheheheheheheheheheh rrrrrrrrreeeseseeeeee idididididididididddueueueueueueueueueueue fffffffffffrororororororororoommmmmmmmmmm the previous step, 0.44 g of unreac
naphhhhhhhhhhththththththththththtt aaaaaaaaaaalenenennenenenenenene was reccccccccccovvvvvvvvvvverrererererererreddddddddddd. 

(i) CaCaCaCaCaCaCaCaaaalcuuuuluuuuu atttttte eeee thththththththththhhe e e e e e eee aaaamaaaaaa ouuuuuuuuuuntntntntntnntnntntn oooooooooof fffffffff unnnnnnnnnnnrerrererererererereeacted NaOH in 100 cm3 of diluted filtrate. 

NoNoNo. ofofof mmmolololeseses ooofff unununreacted NaOH in 25 cm3

= NoNoNo. ofofof moololeses of HCl
= 0.0.0 11 = 1.70 10 3mol

No. of moles of unreacted NaOH in 100 cm3



Mass of benzoic acid 
= 8.20 10 3 122.0
= 1.00 g

% mass of 4-nitrophenylamine
=

.
100

= 28.0%
[Total: 20]

www.KiasuExamPaper.com 
6


