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4.1.2 Carbonyl Compounds

Reactions of carbonyl compounds
Candidates should be able to:
{a) describe the oxidation of alcohols (see alse unit F322: 2.2.1.f) using Cr207*/H"
(ie KeCr207/H2504), including:
(i) the oxidation of primary alcohols to form aldehydes and carboxylic acids; the control
of the oxidation product using different reaction conditions,
(i) the oxidation of secondary alcohols to form ketones;
(b) describe the oxidation of aldehydes using Cr207*"/H" to form carboxylic acids;
(c) describe the reduction of carbonyl compounds using NaBHa to form alcohols;
(d) outline the mechanism for nucleophilic addition reactions of aldehydes and ketones with
hydrides, such as NaBH4 (see also unit F322: 2.1.1.h-j);

Characteristic tests for carbonyl compounds
(e) describe the use of 2,4-dinitrophenylhydrazine to:
(i) detect the presence of a carbonyl group in an organic compound,
(ii) identify a carbony! compound from the melting point of the derivative;
(f) describe the use of Tollens' reagent (ammoniacal silver nitrate) to:
(i) detect the presence of an aldehyde group,
(ii) distinguish between aldehydes and ketones, explained in terms of the oxidation
of aldehydes to carboxylic acids with reduction of silver ions to silver.

4.1.3 Carboxylic Acids and Esters

Properties of carboxylic acids

Candidates should be able to:

(a) explain the water solubility of carboxylic acids in terms of hydrogen bonding and dipole-
dipole interaction;

(b) describe the reactions of carboxylic acids with metals, carbonates and bases;
Comparison of acidity of different carboxylic acids not required.

Esters, triglycerides, unsaturated and saturated fats
(c) describe esterification of carboxylic acids with alcohols, in the presence of an acid catalyst
(see also 2.2.1.g); of acid anhydrides with alcohols;
(d) describe the hydrolysis of esters:
(1) in hot aqueous acid to form carboxylic acids and alcohols,
(i) in hot agueous alkali to form carboxylate salts and alcohols;
(e) state the uses of esters in perfumes and flavourings;
(f) describe a friglyceride as a triester of glycerol (propane-1,2,3-triol) and fatty acids;
(9) compare the structures of saturated fats, unsaturated fats and fatty acids, including ¢is
and frans isomers, from systematic names and shorthand formulae;
(h) compare the link between frans fatty acids, the possible increase in 'bad’ cholesterol and
the resultant increased risk of coronary heart disease and strokes.
(i) describe and explain the increased use of esters of fatty acids as biodiesel.



Alcohols Review

1. Give the formulae of the alcohols that would have to be oxidised to prepare
the following aldehydes and ketones.

1. a) b) ;
O CH;— CH— CH,—— CH, CH,= CH;—CH,— CH,
CHy~— C—CH,— CH, OH OH ﬂ
2. a) b)
0 CH,— CH; OH CH,— OH
| Cr Cr B

G
o

3. a) b)

(j/o O/OH C'/CHZ-— OH ﬂ

2. Compound A shown below, contains two functional groups.

H H
H—C|2 |C (,3 OH
o
Compound A

a) ldentify the functional groups P mary adahol + ht.{‘.bf\t
b) State the molecular formula of compound A C 3 W O,

c) Compound A can be oxidised to produce a mixture of compound B,
molecular formula CsH402, and compound C, molecular formula
C3H403.

i) Identify which of the functional groups could be oxidised.

P mor- aleohoe

ii) Suggest a suitable oxidising mixture.
ﬁt;c\';;.'gxk F’ﬂl'ﬂﬂiva\ c&’:(l‘\fﬁmatﬂ

iii) State what you would observe during the reaction.
Orunye to sre,_(ﬂ Colorem cl’\kr\J{ o [

iv)  Identify compound B. CY,— o~ — |
K9

V) Write a balanced equation for the formation of compound C
from compound A. Use [O] to represent the oxidising agent.
W o M oo o
\ \ .
n—C—C— c—on + ALo] — n_c‘;__.«';-— C—ot + 1,0
Ly n |




Aldehydes and Ketones

1. a) Draw the structures of the three carbonyl isomers with the molecular formula

C4HsO
o]
CHg CHy i, CHO Citg CRewo c_ﬂsr_Hl“C(_h&
butanal “fs
R—Mtt‘-\alf)-"o?c\nw\ Lutanone

b) 2,4-dinitrophenylhydrazine (DNPH) reacts with all three isomers. Describe what
you would observe when DNPH is added to these compounds.

Oraaat,at”ab\j Pi’t
¢) How could this reaction be used to distinguish between the three isomers?
'F'\\l:t.r‘ of§ P?t . W awsh  and U\f‘:) C Debermine heir M(lt;n\j

Po'lr\\‘.ﬁ c.v\ok CGN\?M‘& v O dutf&lpoo"\ V-‘»\.lULt.s

2. Write an equation for the reaction, and name the alcohol formed when the
following compounds are reduced using NaBH4

a) CH3CH2CHO
C'H_SC’HLCHO + D\[H] —_—> CHSCHLCI'\LD v Propa nol
b) CHsCOCH2CH3

CoCu L, + RALH] —> CHgEHEU, Cliiy bukaa-2-o |
oH

CH3

¢) CH3COCH,CH(CHs)2

(‘_143(_0(_142‘(;\4(013}9\ + ALH]) —> CHSC,H(OH\CHZ_CH(C_V\S)K

Lﬂ-"‘ W\tl'.l'\\-]\ P(ﬂtkn—a——o\




3. a) Explain why aldehydes and ketones undergo nucleophilic addition
reactions. ..~V oA

\g_‘_ o en CTo s ‘E_l(t‘tr—oﬂ Cxle-{‘\;(;‘{f\t
c=o U aktached _Io_—) -‘)v\thoPhilts whith are elecbroan
/ Fu.'u- L\or\or*_s .

b) Show the mechanism of the nucleophilic addition of the hydride ion to

a molecule of butanone. _ ? . _,(7? ~H

5‘_?9 ? OH
1
ot M, —m, — C—H —3 (W, (H,—C— H
Cny- (ML__TC___ cug _ c.mS wm, ‘ 1 ha Ly |
B Ch Mz
“H 3

4. An alcohol, A, undergoes the following reaction:

C4H100 —> C4H30
A B

a) Substance B is a ketone. Give its name and structure
o

I 3
C.H3 C'HLC‘ (-H} bm{‘_o\r\ont

b) Identify alcohol A by name or formula and justify your answer.
oH

i
C’HSCHLC‘H C.H—_S \kaou\-—a\—cl

¢} i} What type of reaction is involved in the conversion of A to B?

OX'\I’J a\‘t’\on

ii} Give the reagent and conditions necessary for this conversion.

ﬂc_‘w\} ‘F‘(. o\ PD‘E&}LQ\IM d‘\t.‘n (‘orf\a_tc.

iii) Write a balanced equation for the reaction.

ol Q

' U}
Chytn, CHCH, [o] — Chtmceng + H, O



5. The carbonyl compounds CH3;COCH; and CH3CH>CHO are structural isomers.

a) Name the compounds.
Crg Lo LR, propansnt Chyt, Cho  propanal

b) State the reagents you would use and the observations you would make using a
chemical test in which the two compounds give different results.

Tc\\(a/\_b re"\"&‘{’\*: ___‘3';\)?5 O .S'i‘\)tf‘ m‘,rrar\ wt"\’\

a\ublnxte__ but nok with o Ketone

A~

6. Consider the following reaction scheme:

CHs
step 1 step 2
C4H10Q <—— CaHsQ ——— CH3 —CH-—CH—CN
NaCN/HCN
OH
A B Cc

a) i) B gives a positive result with Tollens’ reagent. Use this information and the reaction
scheme to identify A —B by writing out their structures.
[+]

- o = (H, CH
%= C.\'\SC;-H c — Hi A c 2 € 'CI’\LOH
Lh; c h_s
ii) What would you observe when B is tested with Tollens’ reagent?
SWver mieroe

iii) Name one isomer of B which would also give a positive result with Tollens’

reagent and one isomer whi%h does not react with Tollens’ reagent. 6

. " . i
“+ve ‘:e_;\: C'Hs (.nLLhL—-c.--—H —\e teot Li‘l_gchlc_ CH_S

b) Name the type of reaction occurring at steps 1 and 2.

B — A : F(JuLk;onlnuc(eof‘nil.’g addibion

R —- < ! h\«cleofl«',]ia add tion



Esters

1. Name the following esters and draw the skeletal formula:

a) CH3;CH2COOCH; o
MQU'\:)\ propane te /\\0( ~
b) CH3(CH2),COOCH;CHj3 (o)
‘{’.Uﬂlﬁl L)V\_t“.’\o(Lte- /\)\0/\
C) CsHsCOOCHzCHzCH:; © O ,\/\
. \ N L
PPy btazoate @
d) HCOOCH2CH3
I
{t\n:}\ meth ar\oatc l\o/\

2. a)Write an equation to show the acid hydrolysis of :

. CH3CHchOCH3
nt
-‘ i — d + Ch,0
CHyCh, Coolhy rh,o = CHSLHL(.coH H o H
L CH3(CH2)QCOOCH2CH3

_ ht ,
Chg(Cny), Coo iy ity + H 0 = Cns(tngchoH + ChaCh, O

b) Write equations to show the base hydrolysis (using sodium hydroxide as the
base) of the following esters. Name the two products in each case.

L CaHsCOOCHe,

. - 4 )
Cofgcooch, + Noow — C Mg Coo N+ CHi0H
50divm Lf’iloff.l:f‘.. Mﬂ.n'\a.f\e\

e CH3COOCH,CH2CHj3

' H, TN C oN. C
Cu Coolh, Ch, CHy T OH —— W CooNa + '/I:SCMLCH?_OH

Sodivm

‘o cm—'l-ol
ethanoate peoy




3. a) Describe a simple chemical test to distinguish between a carboxylic acid
and an ester

Add  Nahlcoq
(_&r.Lox:)li(,. acid - Q(th\lt SCenc e (CO'L. 3';“,\ UF(i)
esker 1 o ‘Qﬂ-qrue_stmc_e_

b) How could infra-red spectroscopy be used distinguish between a carboxylic
acid and an ester?

CAF_LOXD\?L c\c'\b\ : J_oroc-..:k ftal’\ cL't W39\00cm‘-l

Jo 0N bead

ester no Pi’.a"\ at ’Saooci'

Nno O-1n boak .



Carboxylic acids
1. Name each of the following acids:
a) CHiCH,COOH  prepancic acid
b) CH3CHCH,COOH  buta neic acid

c) (CH3):CHCOOH Q\‘W\Cuﬂa\ \D(‘DP anciC acid

2. Write fully balanced equations for the reactions of butanoic acid with:

a) Sodium metal -+

CH Lt Cn Cookl + Na  —> (g Chy Cny CooNa + Y H,
b) Sodium hydroxide

Chy Chy Ch, Cooh + N<OH —> Cnyln, Chy Coo Na + h, o

¢) Magnesium carbonate

QCH (w, Cn,Coel 1—("\&(0 —> (U\ tn, LA, Loo) M + £OL+ H‘LO

3. Write equations to show the formation of the following esters from the parent
carboxylic acid and alcohol. In each case, name the two reactants.

a) CH30HQCOOCH3 H‘f
—_ i
CH3C117_C_00H + C‘130H = ('HZS C.V\?_QDO(.I’IB + HLO
Pv‘bp«r\a’:r_ acdd ME.UA.\:W‘
b) CH3(CH2).COOCH-CHs
Mt , )
CHS((HL)?_ CooH + Ch,ch,OH = Ch})(L\IL)LLOOCH C“S + h,o
bu"u\f\vh— achd f.t\'\anb‘
¢) CH3COOCH(CHs)2
H+
Chg Cootl  + CNSE-:LM_-S —= CugCoo (.H(c;nﬁl + H,0
Clhanocic adid P pan— 2ol
d) HCOOCHS3
h+
Methano' o mtt‘ﬁﬂmul

QC’: 4



4. a) Explain why carboxylic acids are usually soluble in water.
_T\'\L \n'-s\nb Po\xr‘ Czo and ©O-H bonds c\\low CarLule2L
ac'nl' MO\E(V\[E} ko ‘F‘”M L\A&"OGV\ ‘ouno\j wilh  waler Mbl(tu.l.t_b‘

b) Draw the displayed formula for the following compounds;

i) CH;CH,OH if) CH;CHO iii) CHsCOOH
H W (o)
_ ‘? i ' 5! l:‘ ﬁ
W—C—c—0o—H H"‘i—“"C-“‘H M~ —C—0o—H
} | |
H " H

Which would have the highest boiling point, explain your answer?

\I,“.)
9\*' l’\d(,kr‘pdc_n Lol\gl_s Pef" ma\E(v\LL Mallt) Ur\e'-t‘ Lo'ul'\,\j

Polnk_s "\'\3\'\‘“‘ Chen Dhose of‘ (””-’f""‘v‘:\) 0\\(0"\0'5

Ouvny H—m o

4
Ch,—¢ N
\0 - *'i ATRTIT O'I/L‘_— . h3




Fats and Oils
1. Capric acid (10:0) is a saturated fatty acid

a. Draw the skeletal formula of the acid

Ho )0‘\/\/\/\/\

b. Name the functional group present in the acid

CU\FLDX ‘fc, o Ch J
¢. Draw the structure of the triglyceride formed between glycerol and

. capric acid- the fatty acid carbon chain can be shown as —CgH1g o

| i i
W—(—0H o H—C— QO — ¢~ CqHy

| h (4]

R t+ Ho—C—CqHjg — J

H cl'_ O H 9719 H—C — 0 — c—CqHyq
h— (C—OH

}

Moo . M= —0 —F=Cqhy
2. Explain why some triglycerides are fats while others are oils?

\f

’
5““»\'

. . H 0
F‘:’\Eb “/\A 0\\.5 G Uerj _‘,\M’\b\r‘ sul.-)s‘m-\m)__\lq,j d"‘\F\r “ t‘nﬂ’,r— PL\

shates becumse 4 e r rv\a'\t'-f\_.) porintys. Whea the mop. of twe esler
5 wbivt Cooan ttmpv&{;\)re_ Lhe. sSubstuac eyisty ads a  sshid and
C‘\\ltlk N ‘Fﬂ\'t’, \’V\f\t'\ U\L_ MP ’ib L,-e_low Fo o kMP tP\L )\-\L)l-nq‘_e Qj-,)l.) as
3. What is the difference between a simple triglyceride and a mixed &~ o't |
triglyceride?

SQN\‘:[L ‘:r‘nj\a(_er;o\_tb Contuln 3 f"\o‘el"«l-L) OF the Sume Fnt““\) (\c'yp{
0\;\(1 m'nj(fl.l ‘:F'-J\‘j(q;".gl&_s \r\uue, 9\ or 3 CA"FF{N/\E Fmtbj Oll'aul_)

in bheir structore .
4. Complete the table below

Traditional Systematic name Structure Shorthand
name notation
Palmitic acid Hexadecanoic acid o 16:0
Ho)k/\/\/\/\/\/\/\
Stearic acid Octadecanoic acid 0
HOJ\\N\/\/\/\/\/\/\ 18: 0
Oleic acid Octadec-9-enoic acid 0 18:1 (9)

Linoleic acid | Octadeca-9,12-dienoic acid ° 18:2 (9,12)
HO’IW\/ NN
Linolenic acid Odaa\uk—c\,lzlls-— o
briean o acid HO - - - 13.‘,5(‘? '”-"S)




5. Explain the difference between saturated fats and unsaturated fats.
(‘\ _sq'\u o l‘t tA {“&‘Z f-or\l'k;nb ne 6\'0\-«“{_ buml.s , Hny Mn);\*vpah ul

«?u{'_ (of\k‘c\:r\> C&.ic Vlti.\)": oAl Olbw!vlt C-c L;o,ﬁd_

6. Draw the skeletal formulae of cis- and trans-hex-3-enoic acid.

o
2
o AR
traas Ch s

7. Name three foods high in saturated fats.
Me«t frmlm.iib, meak Pfﬂﬁ‘ 5““5“625| \:‘*U‘—”‘t lw‘b\,
:‘)q)ki:ji C."\l'\‘v>:, L-\Jgultb

8. Define and explain the roles of HDLs and LDLs.
HOLs— H-S\r\- dtn;itj ‘\:Polo{o[‘.i:n_t, Can Femove Choleskered
£rom bhe arteries and Eransport b back te the bLiver
for excretion or re-uwlbysakion .

LDOL s — Low t‘.tefms\tj \"Po‘;.'oi;e:/\b o e Né\ot‘n);ng Fur— carra.‘ﬁ t.‘qa‘?a{'w;.l wnd

9. Complete the following reaction scheme t‘:"\‘)\‘:;“"" des from T livers o the
Visw Ry,

"

|H ? h—(C—oh
H—g—O0—C—R |

| ﬁ NaOH l? hR—C—0 M
H—c—0—C—R + 3CHOH = 3 R— C—0OH + |

| h—C~o0H
H—C—0— (li— R }

|1-| o H

Triglyceride Bicdiesel Glycerol

R= fatty acid carbon chain

10. What do you understand by the term carbon neutral?

A Crop that is wused bo Pr‘oAnLE. a Carbon — neubral F»\el

0\\95”19) U\e St o\vv\ou,\k vf CD& v hea b 3rou_s ay i

ft‘ek)cd whoa bthe {}v\tl V3 an\:.v\_n.l'—ea,l_.




Exam Questions M4 O29E

-

Ethanal, CH,CHO, can be reduced using an aqueous solution of sodium borohydride,
NaBH,, as the reducing agent.

(a) Write a balanced equation for this- reaction using the symbol [H] to represent the
reducing agent.

(b) This is a nucleophilic addition reaction in which the nucteophile can be represented as a
hydride ion, H™.

A mechanism for the reaction is shown below.

H
Y
-y H—0
5— o 8‘+ 8— 0 #
S /° '
NaBH g
s —>=  CH—C — | GhT sy
\ step 1 / \H step 2
H H H
ethanal intermediate organic product

(i) Add ‘curly arrows’ to the mechanism to show how the intermediate reacts with the
water molecule in step 2. 21

(i) Draw the structure of the organic product of this reaction in the box above. f1]
(iif) What is meant by the term nucleophile?

....... PEANNEL T Yoo S .2 =T, U | |

(iv) Describe in words exactly what is happening to the electron pairs and bonds in
step 1 of the mechanism above.




Examiner's

reduce ethanal to the same product using hydrogen gas, Hy, in the

(c) ltisalso possible to
1 This reaction does not goby a nucleophilic mechanism.

presence of a catalys

Explain why hydrogen gas cannot act as a nucleophile.

Myt AK AN o k0 BRSO

--------------------------------------------------------------------------------------------------------------------------------------

[Total: 10]

2814 Jan04 D’urn over




Like esters, carbonyl compounds can contribute to the smell of plants and food. The
carbonyl compounds D and E are structurat isomers.

D CH,COCH, E CH,CH,CHO

(a) Name compounds D and E.

(b) State the reagents you would use and the observations you would make for a simple
chemical test

(i) inwhich D and E behave in the same way;

observation forD ....... ) AN o

----------------------------------------------------------------------

ObSEIVation OrE ... St T AT oo [3]

[ o Fokdorss, e HY |t 0577)

2814 Jand2
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apsorpanive -/

(c) The infrared spectrum of D is shown below.

50 -

X

100IIIIIIIIIIIEIIIIIIIII1ll

l 1
4000 3000 2000 1500
wavenumber/cm™

LY I I ] 1 4 L]

1
1000

(i} On the spectrum above, mark with a cross the absorption peak that identifies the
functional group. Explain how you made your choice. (Use the Data Sheet
provided to answer this question.)

----------------------------------------------------------------------------------------------------------------------------------

(i) Reduction of compound D with NaBH, produces a compound with the molecular
formula C;Hg0.

How would the infrared spectrum of this product be different from that of D?

v N bood eeak .  ak BB N

For
Examiner's
Use *

2814 Jan02 [Turn over




3 Cinnamaidehyde is the compound that gives cinnamon its distinctive flavour.

H H
I |
c\c/ c‘\\‘eo
!
cinnamaldehyde

(a) Draw the skeletal formula of cinnamaldehyde.

x>/ =0
G

(b) Cinnamaldehyde shows cis-trans isomerism.

--------------------------------------------------------------------------------------------------------------------------

I oo rseesessss s remes s sR R AR AR AR R R

(i) State and explain whether cinnamaldehyde is a cis or a trans isomef.

(1]

---------

..... 2]

....... PR RN W « B¢ = o VOC.T - S 3 =T CO% C A

(i) Draw a skeletal or displayed formula to show the structure of the other cis-trans

isomer of cinnamaldehyde.
A

e
T v ©

H

H

/]
\

d
\
o

\
7
O

{c) Cinnamaldehyde can be reduced using sodium borohydride, NaBH,.

" (i) State which functional group reacts with the sodium borohydride.

(i) Complete and balance the equation for this reaction.
CHCH=CHCHO +2.Hl  — (, H¢ ch= CH O OH

2814 Jun05

d@- .................................................................

(11

..... [

)

For




(d) In this question, one mark is available for spelling, punctuation and grammar.

Tollens’ reagent can be used to identify the aldehyde group in cinnamaldehyde.

Examiner’s
Use

Describe how you would make Tollens’ reagent and carry out this test in the
laboratory.

Explain what happens to both the Tollens’ reagent and the cinnamaldehyde in this
reaction. Identify the organic product.

Quality of Written Communication. [1]

[Total: 15}

2614 Jungs [Turn over



Gingerol is a compound extracted from root ginger. It has a distinctive smell and creates a
hot taste when put into the mouth. The structure of gingerol is shown below.

A

HO/

CH;O ﬁ/\(\/\/

B
gingerol

(@) Name the three functionai groups in gingerol labefled A, B and C.

c L2 el tahel 3]

(b) A solution of 2, 4-dinitrophenylhydrazine can be used as a chemical test to identify one
of these functional groups.

() Which of the functional groups, A, B or C, does this test identify?

................... 7 \*"-m“—-m

(ii) State what you would expectto see when gingerol was added to this test solution.

................ ol [ O@nas sp(?h_‘/![z]

(iif) State whether or not gingerol would react with Tollens’ Reagent (ammoniacal siiver
nitrate). Explain your reasoning.

ENT I D S V- OLb—einMMta,ng.Ld.a}%M\/
Cocanneb. ke oaudised... MTQLLM\O.

(c) Gingerol is thought to be produced by the plant to help protect it against attack from
micro-organisms such as bacterla.

Suggest which part of the molecule is most likely to be responsible for the anti-bacterial
properties.

2814 JunQ4




|

5 , An ester, D, is used as a solvent for paints and varnishes.

(a) Ester D canbe manufactured by heating an alcohol under reflux with ethanoic acid and
a catalyst. .

(I) State a suitable catalyst for this reaction.

(if) Explain why the reaction is carried out under reflux.

-\fo......p.::eme&fk ........ rescksto... . psadade. 1“"’”5‘ ........
JESI S SR SE =T v N ot O — [

(b) Ester D has a structural formula, CH;COOCH(CH,;)CH,CH,.

(i) Draw the displayed formula of ester D,

H O HoH H
\ 1L — I N (l: - H
H—C— ¢~ o ~-C (
1 H
\ —C—H H
H T
H
[2}
(i) State the name of the alcohol used to make ester D.
censeiieasasenaie T D [1]

&MMWM . e seessaseserees (1]

2814 JunQ4
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6

(a) Compound G, shown below, is a tri-ester.
CH,{CH,),sCOOCH,

| |
CH;(CH,;),sCOOCH

CH5(CH,)sCOOCH,

(i) Deduce the physical state of G at room temperature,

dekd (Ltfm.va oo Satersked

(ii) When completely hydrolysed by heating with aqueous sodium hydroxide,
G forms an alcohol and the sodium salt of a carboxylic acid. Give the
structural formuia of the alcohol formed, write a formula for the sodium
salt formed and state a use for this salt.

¥ '
Structural formula of alcohol ..... H OC“LCHIOH)CY‘LOH ................
-+
Formula of sodium salt. ....... C Hg((—hz_d\sc’oo‘\h\ .............................
Use for salt .......... ‘SO‘LP .......................................................................................

(b) (i) Complete and balance the equation below for the formation of di-ester H.
o COOGH;
¢ —oh + C,H,OH —_— | + 2 H.0
\ COOC,H; 2
C~ O
I H H
o

(i) Identify a substance which could catalyse this reaction to form H.

r(iii) Draw a structural isomer of H, also a di-ester, which is formed by the
reaction of ethane-1,2-diol with one other compound.

o " N
H-?_°H+ » ‘E-_c H-——(‘,-—-b—-—c‘_-—CﬂS
H—C—oH D\\DH "3 ""C\'“Duﬁx—cnj

'H -

20

(4)

+ tho
(5)

9)



