OCR (A) Chemistry A-Level - Carboxylic Acids and Esters PhysicsAndMaths Tutor.com

1. The displayed formula of an organic compound is shown below.

H H H ())E
H H H
TR
( B

Ho o ) (| ¢ H
WW H H H
What is the systematic name of this organic compound? L')

A Propyl propanoate

Propyl butanoate

C Butyl propanoate

D Butyl butanoate

Your answer 6
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2. Which alcohol could be used to prepare HCOOCH(CH3),?

U oot = C arh
)W

Propan-1-ol
Propan-2-ol
2-Methylpropan-2-ol

Methanol

Your answer @

G

1]
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3. Equal amounts of the four compounds are added to the same volume of water.
Which compound would produce the most acidic solution?
A CH,;CONH,
B CH,COOH
C CH,COOCH,
D CHCOCI »¥, O —= (i, COCH + HCC

Your answer | [ oA Ao

(1]
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4. Which compound(s) is a/are structural isomer(s) of C;H,,0,? V\W\Q‘Q CLO\d‘

1 hexanoic acid H H’ H' H H O
2  ethyl butanoate Ho=lt =G — == =
] | | ) ( N oOH
3  propyl propanoate H H H H H C‘GH O
A 1,2and3 efhyl LOrONAAEL = ‘2>
B Only1and2 H l'\ CD\ H 'f'( H
! { ( \ 3 |
C Only2and3 \,(,C—C_——C)-—-C,—C—C—-C_"H
(
D Only1 | | \
H H
H WC ;H ..&Oz
Your answer p H( « 3] O H\ Hl
l | ( u __C_érﬁH [1]
© OCR 2017 H = C = C _—_C - O - C.. \ ) urn over

| [
("'l El H CCH(ZOZ W
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5. This question is about weak acids.

(a) Compound A is a weak monobasic acid.

PhysicsAndMathsTutor.com

A student is supplied with a 250.0cm?® solution prepared from 2.495g of A.

The student titrates 25.0cm? samples of this solution with 0.0840moldm™3 NaOH in the burette.

The student carries out a trial, followed by the three further titrations. The diagrams show the
initial burette readings and the final burette readings for the student's three further titrations.

All burette readings are measured to the nearest 0.05¢cm?.

Titration 1 Titration 2 Titration 3
Initial reading | Final reading | Initial reading | Final reading | Initial reading | Final reading

0 —23 —23 —45 =9 —32

— et F—" — f— —
é._,: = — — - —

o = o= = = — =
=1 | [ | T[S o2 k=48, —10 =33

= = vol= A= 8 = | =

= = = = E| FE
=2 =25 — —47] — 11 —34)

23 .

(i) Record the student’s readings and the titres in an appropriate format.

Calculate the mean titre that the student should use for analysing the results.

inibod (cm3) Hive (Cwl)

Frar (cend)

23-1s

a-60 27-SS \

45.93%

2315 272 -

80

77255 2245

372-4% l{o.OQ ‘ @.4-3 g

= 12.S0

g

mean titre = ... b el
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(ii) The structure of compound A is shown below.

o)

(i &

HO K2

OH O3

conmomnd (zx\2)*3+((6x3)
= 7Sx K =131.1

Compound A has four optical isomers.
Using this information and the student's results, answer the following.

*  Determine the molar mass of A and the formula of the alkyl group R.
* Draw the structure of compound A and label any chiral carbon atoms with an
asterisk”.

Show all your working.

MA o NaOH : 0-084 X72-SXWO™> - (.gax0 3y

-2
2> <0cnnT" 1.gax\0 3 x \O= | -8Ax10" o\

. S
_:_Z____i'_c‘—— T T3 N
|- A vIio?

13V.1="1S =S6. 1 =357 = C4Hq

H O
OH

(€]
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(b) The structural formula of compound A is repeated below.

]

HO
OH

R
compound A

Two reactions of compound A are carried out.

Suggest an equation for each reaction and state the type of reaction.

In your equations, draw structures for organic compounds.
You can use R for the alkyl group.

(i) Magnesium ribbon is added to a solution of compound A.
Gas bubbles are seen and the magnesium slowly dissolves. Saud

Equation

2HO CH(R) CooH + Mo —>2zrOCH(E) CCO ™M™ » 1,

Type of reaction ......... NNSERGIA oo [3]

(iij Compound A is heated with a few drops of concentrated sulfuric acid as a catalyst.
A cyclic ‘dimer’ of compound A forms.

ation 0
THOCH (R) COOH —>

X 1”10

Comngaund
COnSU'STINY)  of O
2 dental pows

Type of reaction aﬁmﬁxmﬂﬁf\ [3]
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(c) Chromium(III) picolinate, shown below, is a neutral complex that can be prepared from the
weak acid, picolinic acid.

Chromium(III) picolinate is used in tablets as a nutritional supplement for chromium.

(i) Draw the structure of the ligand in chromium(I1I) picolinate.

)

\\_,ri o~

(ii) Atypical tablet of chromium(IlI) picolinate contains 200 ug of chromium.

[1]

Calculate the mass, in g, of chromium(IIl) picolinate in a typical tablet.
1ug=107"g.

Give your answer to three significant figures.

Cc-6

H. 4 cem = (12x6)x &+ (4 +((6x2D

o2 =\22

N

(l?-2->‘3>+5?_ = 4\% ETM OF Cvorad oo (T11)

Preclinox<
-c

s2 -3
= 1-§g
2 .8s=x \O"cx.q-\s - GIXT%% A EROT g2
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6. This guestion is about esters.

(a) The structure of ester A is shown below.

3- prowoproguroic ocd

etharol
O//\\‘

Ester A

(i) What is the systematic name of ester A?

A2

(ii) In the boxes, draw the organic products for the reactions of the functional groups in
ester A shown below.

Each reaction forms two organic products.

o
/\/\‘K " H o /\
B¢ O
H*(aq)
O
Br/\)LO/\\
Ester A
excess OH™(aq)
®)

+ 0/\

Ho/\/Ko" w

(5]

(ili) Name the type of reactions of ester A shown in (ii).
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(b) The protons in ester A are in four different environments, labelled 1—4 on the structure below.

1 0 3
|

r b

CH c CH y
i o 25
Br ol No” CH,
2

Complete the table to predict the proton NMR spectrum of ester A.

Proton environment Chemical shift Splitting pattern
1 8 a-%5 wopvek
2 2.0~"3:9 «~\plex
3 2 0-4%3 Quovekx
4 5. 4. iRk
4
Cs¥ o 02 By o
(c) Compound B is a structural isomer of ester A. Y
, _ H CHv<g
* Compound B reacts with aqueous sodium carbonate. CQOH Vit o) & z o
*  The 3C NMR spectrum of B has 4 peaks. Qr- C- IC . T
\ OH
Draw a possible structure for compound B. ok H 3&"{3
CHa ¢
|
i A TN oy
( - A - LT
B-C—"c-&”% 2 FEr v o
: \aH H B
[ Cﬂ3 H [1]
(d) A polyester is formed from 200 molecules of 4-hydroxybenzoic acid. COOH

What is the relative molecular mass, M,, of the polyester?

(vex )+ 6 + ((6xD) = (3B qpnat”! O
(2R x 200 = L6 gral™
27600 - ((Aax | ®) =24Q(& ot

M=_. 24008 gmol™' [2]
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(e)* A student intends to synthesise ester C.

H C—CT—C/O A
T

(i)

w\xl.w

Ester C

Plan a two-stage synthesis to prepare 12.75g of ester C starting from 2-methylpropanal,
(CH;),CHCHO. Assume the overall percentage yield of ester C from 2-methylpropanal is
40%.

In your answer include the mass of 2-methylpropanal required, reagents, conditions and
equations where appropriate.

Purification details are not required. [6]

_____ LIS oo e s e g
(32D A G L XY e

.................................... o S

gt
2. L.E8e), CrCOor £ CH O 22 (CH TR,
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(i) The mass spectrum of ester C is shown below.

100+
i Y=&3

80

60
Relative
intensity

20

H lo III#]’I{II[I'!'[T[{ !}I%l}l'll{!ill !ill'l!’illlr'lal-lli'llll"TlIfi {II"IIIIIIITT'II}IIITII'II'!TI?I:'IT

10 (y20¢ 30 40 50 60 70 80 90 100
by,

' m/z

4
_CH € (

CW\E :
Suggest possible structures for the species responsible for peaks ¥ and Z in the mass
spectrum.

,.\.
(cka), CA (CHs), ditee)

[2]
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7. Which of these reagent(s) will not react with HOCH,CH,CH,COOH? A
Al conal Codoagh ¢ ALt

@ NaCN in ethanol "Qa%u\:ks Cor hadoa howre —> nMMie
B C,H.OH in the presence of an acid catalyst €S\t \ QKON LW oo
C (CH,C0),0= A& X ox\V\;ac)Wde ¥ OH — exer

D concentrated H,SO, OH —> A\ exe

Your answer A

[1]
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8.  Which one of the following reacts with ethanoic acid and with phenol?

A O k* ok’
@ Aqueous potassium hydroxide )\
A Bromine oniu yeogks ~ 0
ovwn, ¢
&~ Calcium carbonate only k o . o
TS vy BX1,.C 00N % A
A~ Methanol and an acidscatalyst 6" /\ CG\Z
ONLY FRORKS WA ~0'z
evanstr
Your answer actd
A Cc HSCOOH) B¢ 7) []
. P +esl o
B o acd bk gverd

/K SW'E o Svors
< W o
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,Q_s‘\-ear
9. What is the structural formula of ethyl 3-methylbutanoate?

A CH,;CH,COOCH,CH,CH(CH,)

CH,CH,COOCH(CH,)CH,CH,
s 2 ck\ G o\roj\
O\Q\”d\

B

C CH,;CH,CH(CH,;)COOCH,CH,

D (CH,),CHCH,COOCH,CH, ak ‘el
4 Cﬂs %-\rmfs v%

Your answer D

[1]
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10.  Alcohols can be used to prepare organic compounds with different functional groups.
(a) HO(CH,),OH can be oxidised to form HOOC(CH,),COOH.
(i) State the reagents and conditions and write an equation for this oxidation.

In the equation, use [O] for the oxidising agent.

PN 0 i e R
retlax ... deshlanon. . weuddl .. famm....an.. QAESPE ..
Equation:

HO (CH,),OW + a0} —> HOOC (CH,),CO0H

r 28,0

Lvalonpge e \ o¥X%
H's in 1,0

[3]
(i) HOOC(CH,),COOH is soluble in water.

Explain, using a labelled diagram, why HOOC(CH,),COOH is soluble in water.

N = H
é=(Ch),—C o B &* 5-7/
7

ANOIN (2]
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(b) HOOC(CH,),COOH and HO(CH,),OH react together to form polymer E.
a\cdrol & colcoxdie oaxd

4

SePRN & woedlwv

(i) Draw one repeat unit of polymer E

The functional groups should be clearly displayed.

(ane vepeox wuux
: ove egwr \nic) 2]

(ii) Governments are encouraging the development of biodegradable polymers to reduce
dependency on persistent plastic waste derived from fossil fuels.

Polymer E is a biodegradable polymer.

Suggest why polymer E is able to biodegrade.
eS\er%\'n.s..p ....... Con. .. be.. . ordwen. . Aouwun.. \Nya..

(iii) A large yield of polymer E can be obtained by reacting a diacyl dichloride with
HO(CH,),OH.

The diacyl dichloride is prepared from HOOC(CH,),COOH.
roakan Wop Shows s
Complete the equation for the formation of a diacyl dichloride from HOOC(CH,),COOH.
o) o) @)
A 4 N
C—(CH,),— C\ + 2900, — & —(cHy)
2
HO OH cu R
[31
vecanse + 230, +2HCL
i oLy At cwlowde ‘?\ ?
OoH 5 \oSe
o C 04\990\:5\\' c
Ac(A ourch
balounoerd Yare
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11. This question is about two different types of acid found in organic compounds, carboxylic acids
and sulfonic acids, as shown in Fig. 6.1.

0 O

/

R—¢C R—S—OH

OH

Carboxylic acid Sulfonic acid

Fig. 6.1

(a) Complete Table 6.1 to predict bond angles a and b and name the shapes which makes these
bond angles in the functional groups of carboxylic acids and sulfonic acids.

Type of acid Acid Bond angle Name of shape
/O
Carboxylic acid R—C )a
o
‘ oy | YO | Tepral p\awo
.3 \ep’ o
I
Sulfonic acid R_S_(.?;\
I 57, noss® | venzimeue
be:2 g
Table 6.1

' [2]
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(b) Ethanoic acid, CH,COOH, and methanesulfonic acid, CH;SO,0H, are both monobasic acids.
The pK, values are shown in the table.

wo = ©H
Acid PK, ? ?
Ethanoic acid CH,COOH 4.76
Methanesulfonic acid CH38020H -1.90

A student suggests that 1.0moldm™3 CH,SO,0H should have a lower pH value than
1.0moldm™3 CH,COOH.

Write an equation, showing conjugate acid—base pairs, for the equilibrium of CH,SO,0H with
water and explain, with reasons, whether the student is correct.

Label the conjugate acid—base pairs: A1, B1 and A2, B2.

CHL SO, OR300 ==  CH,S0,Q7 4. Q"
............ L VN -~ 3 AN - 1 SN -
(o WX o = RRK L= = A @ =y = 1SS
o O TR U —
AHR2N,00 15 o SHorgec.. aoidh [ SSSOCAOMND. . eex?..
Bhodenk IS covetk. .0 SO, OF \nads o \onen 4]

Pwa /oY )/ V\\W\Lﬂs [Cr* )\
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(c) Carboxylic acids and sulfonic acids both form esters.

Sulfonic acid esters can be hydrolysed by aqueous alkali.
The equation shows the alkaline hydrolysis of a sulfonic acid ester.

CH,;SO,0CH; + OH™ — CH5S0,0™ + CH,OH
In the 3 boxes below, add curly arrows to show the mechanism for this reaction.

In the first box, the hydroxide ion acts as a nucleophile.

]
H3C—ﬁ—OCH3 .
o\

lodL  a% ok Qo
wank G WO e ok
coIn QR ard  oove
ciemaands 46 dNTULO

R cg——

[4]



