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i Exarmingr g

. Lse
Answer all the questions.
i

ifethanoic acid, HCOOH, is a weak organic acid which ocours naturally in ants and stinging
nettles.

{a) Use an equation for the dissociation of methanoic acid to show what is meant by a weak
acid.

{b) A 1.50 x t0 “mol dm 2 solution of HCOOH has {R'] = 1.55 x 10 *mol dmi S,

(iy Calculate the pH of this solution and give one reason why the pH scale is a more
convenient measurement for measuring acid concentrations than [H*Y].

. [2]

(i) Write the expression tor K, for methanoic acid.

{iif}  Calculate the values of K and pK, for methanoic acid.

kY

{iv) Estimate the petbentage of HCOOH molecules that have dissociated in this
aqueous solution of methanoic acid.

216D vani



http://www.pdfonline.com/easypdf/?gad=CLjUiqcCEgjbNejkqKEugRjG27j-AyCw_-AP

4 o

. Examiner's
(¢} A student titrated the 1.50 x 102mol dm= methanoic acid with agueous sodium e
hydroxide. ‘ |
A 25,00 cm® sample of the HCOOH(aq) was placed in a conical flask and the NaOH{aq) |
was added from a burette uniif the pH no longer changed. ’

(i} Write a balanced equation for the reaction between HCOOM(aq) and NaQH{aq).

el
(ii) Part of the pH curve for this titration is shown below.
SN B
At -+ :
pH ]
P .- tet
A T A !
AH SN Rl
35 40 45 80
volums NaCH{aq) avded/cm® _
!
Caiculate the concentration, in mol dm™>, of the aqueous sadium hydroxidz. !
concentratiorn = .. mot dm™ 3] .
|
(i} Calculate the pH of the aguoous sodium hydroxide. f
K, = 1.00 x 167"*mol ém™
i
pH = MEI

2RIGTN cande
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. . . L Us
{iv) The pH ranges in which colour changes for three acid-base indicators are shown ?
below. i

i
!
!
!

i
! indicator pH range ‘
i metacreso! purple 7.4— 9.0
|

| 2.4 6-trinitrotoluene 11.5-13.0. -'
ethyl orangs 3.4~ 438

Explain which of the three indicators is suitable for this titration. '

t

2GDT Jandh
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6

The praparation of hydrogen lodide, Hi{g), from hydrogen and iodine gases is a reversible
reaction which reaches equilibrium at constant termperature.

Ho(g) + 15(g) == 2Hi(g)

(a) Writo the expression for K for this equilibrium.

11

{2} A student mixed together 0.30 mof H,(g) with 0.20 mol I.{g) and the mixture was aliowed
to reach equitibrium. At equilibrium, 0.14mol H, {g) was present.

{1} Coraplete the tabie beiow to show the amount of each component in the equilipriurn

mixture.

; somponent O HJg Lig  Hig

f initial amount /mol i 030 . 020 6 :
| equli.b.Jum amount mo] | | !

(i} Calculate K to an appropriate number of significant figures, Stats the units, if any.

K=

units, if any ... 13

(¢} ihe student compressed the equilibrium mixiure so that its volume was reduced. The
arpersture was kept constant.

Corniment on the value of K and the compaosition of the equilibrium mixture under thess
new conditions,

FRTET JarGs

For

I ¥ 'niner 5
t
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7

{d) The student repeated the experiment at a higher temperature and found that iess Hi

was present at equiliprium.

Explain what additionat information this tells you abeut the reaction.

s

{e} Hydroiodic acid, Hifaq), is a strong acid that is an aqueous solution of hydrogen logide.
in the laboratory, hydroiodic acid can be prepared by the method below.

! A mixiure of 480 of lodine and 600cm® of water was put into a flask. The
mixiure was stirred and hydrogen sulphide gas, H,S{g}. was bubbled through
for several hours. ’ !

i the mixture became yellow as sulphur separated out. The sulphur was .
 fiitered off and the solution was purified by fractional distiltation, A fraction of .
- Hi{ag) was collected containing 440 g of Hl in a total volume of 750cm?®.

{}  Construct a baianced equation, with state symbols, for the preparation of hydroiodic
acid.

..... (2]

ity  Dotermine the percentage yietd of hydroiodic acid.

{iiy Calculate the pH of the hydroiedic acid fraction.

EEEDT Jande

1"0 3
Examing
Lige


http://www.pdfonline.com/easypdf/?gad=CLjUiqcCEgjbNejkqKEugRjG27j-AyCw_-AP

8 I For
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Uz

3 in this question, one mark is avaitable for the quality of use and organisation of scientific
terms. , |

Propanone reacts with lodine in the presence of dilute hydrochioric acid. |
A student carried out an investigation into the kinetics of this reaction.

He measured how the concentration of propanone changes with time. He also investigated

how different concentrations of jodine and hydrochloric acid affect the initial rate of the |
reaciion.

The graph and results are shown below.

[CH,COCH)

J time -i
CCHGOCH) L B L Y intaiate |
fmoldm¥ ' jmoldm™ | /moldm3 . /moldm2s
1510 | 00800 | 00200 | 21x10° jl |
15x107 | 00300 | 00400 | 42x10°
C15x10% | 0.0800 | 00400 | a2 108 |
I T - 1

. : o |
The overall equation for the reaction is given below. =

CHyCOCTH, + 1, —> CHLCOCH, ! + HI !
This is a multi-step reaction.

What conclusions can be drawn about the kinstics of this reaction from the student's
Investigation? Justity your reasoning.

Calculate the rate constant for this reaction, including units.

Suggest the eguations for a possible two-step mechanism for this reaction. L.absl the
rate-determining step and explain your reasoning.

283531 Janhs
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4  This question looks at different compounds used in medicine, ll ”
‘ : |
{a) Nitrous oxide, N,O, is the gas used as a general anaesthetic. :
(i} What is the oxidation number of nitrogen in nitrous oxide?
L1
{ii) Suggest a 'dot-and-cross' diagram for nitrous oxide, Show outer electrons onty.
The sequence of atams in a nitrous oxide molecule is N N O.
(1]
{b} The structure of the painkilier ibuprofen is shown below. .
| |
|
CH :
O
(i} Determine the molecuiar formula of ibuprofen. |l
i
[1] |
{il} Suggest a chemical that would react with a solution of ibuprofen to produce a gas. ' <
MName the gas produced and write a balanced equation for the reaction. |
equation

2]

BEHIBT CEnDE
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(c) Lidocaine, Cy,H,,N,O,. is used as a local anaesthetic in dentistry. Lidocaine is )

|
|
administered by syringe as a solution containing 100 mg in 5.00cm?. |

Calcutate the concentration, in mol dm=3, of lidocaine in the syringse. i

concentration = o0l M 1)
{d) Eugenolis used as a painkiller in denlistry. It ts an organic compound of G, H and O.

A sample of 1.394¢g of eugenol was analysed by, burning in oxygen to form 3.74g of
CO, and 0.918¢ of H,0. The relative molecular mass of eugenol was shown to be 164
using a mass spectrometer.

Catculate the molecular formuta of eugenc.

END OF QUESTION PAPER

2B16D1 Janls
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Wark Scheme

 Question | Exp cted Answers - fdarks
_! 1 {a} par‘hal dissaciation: HCOOH - H + HCOO V¥ e}
| G p'-i = log (155 x 16 = 281728V o
; . [H'] decle with negative indices over a very wide range/ |
i | pH makes numbers manageabie i_
' /removes very small numbers ¥ . [
5 1 |
a | |
| diy 1, [H(@[HCOO(ag)] - ]
:' = [HCOOH(eq)] (state symbols net needad) 1)
H ; i
|
| __[Hfeql  055x10%F |
| it T HCO0H(ag) T 0.015
B il -
= 1.60 x 107 (mol dm ™)V |
,, Lk = -log &, = -log (1.60 x 10%) = 3.80 ¥/ (3]
!
- diesociating < (LEIX 107) x 100 03 %
o Percentage dissociating = 0015 2103 %/
43 .
10% v\ (working not reguired) ;
o
S : _ e LN
(¢} L) |HCOOH + MaOH - > HCOONa + H:0 Y i.
' stare symbols not needed i m
|
(i3 ? A HCCOR) = 0.0150 x 25.00/1000 = 5.75 x 1077 v
voiume of NaOH(ag) that rescts is 30 cm®Y’
: ' 50 [NaOH] = 3.75 x 107 x 1000/30 = 0.0125 mol dim* v/ l -
! 14
K= [H'(ag))[OH {ag}] ¥
| (i) p;-{ = -log{1 x 10°°°/0.0125) = 1210/12.1 ¥ .
:  {caic 12,09651001) i
? !
. ~!metacresol purple v !
! %) pH range coincides with pH change during sharp rise OR | o
i pH 6-10 ;comcndos with unwa.ence po int/end point v | "'

62

Jan 2000
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2

(a)

__[HIy
K= M T2

by )

(ii)

- Ha Iz. B

HI
0.20 0
0.04 0.32

0.30
0.14

032
" 0.14 x 0.04

= 18.28571429 v/

=18 {to 2 sig figs) v

{or ecf based on answers to (i} and/or {(a))

1o units v

K.is constant v

Composition of mixture is the same v/

(i)

% yield =

i{Hrjz-—-—z

(Forward) reaction is exothermic (ora) ¥
because equilibrium moves to the left / £, is lessv’

species and balance
state symbols: accept (s) for Tz: (ag) for HzS v

amount I; reacted = 1.89 mol / HI formed = 3.44 mol v
theoretical amount HI produced = 3.78 mol/484 g v
3.44 x 100 440 x 100

3.78 484

or =81 0% v

344x1000 i o
=50 4.58/4.59 mol dm

pH = -log 4.59 = -0.66 v

[2]

3

63

Total 17
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| Question

| From graph, constant half-life v _
‘ Therefore st order w.rt. [CH:COCH3] v

| Expected Answers o i i._r@a_zfs%s_

| {2]

' From table, rate doubles when [r-{ 1 doubies v ‘
| Therefore 1st order wrt [H1Y (2]

i From table, rate stays same when [T:] doubles v/ ;
| Therefore zers order w.r.t. [T7v r
| Order with no justification does not score. ‘
|
| rate = AL IICH;COCH T v
! (from all thi-ee pieces of evidence)

12}

5 PR rate 21x10°
' [ "][CH COCH:] /002 % 15 %107
-—70y10 v odm® molt sV

|
i accept 7 x 107

; rate determining step involves species in rate equation
' two steps that add up to give the overall equation v/ |

% The left hand side of a step that contains the species in
| rate-determining step v

i.e., for marking points 2 and 2:

CH:COCH; + H™  —-» [CHsCOHCH:T !
[CHaCOHCH:] + I v CH3COCH L + HI + M |

organises relevant information clearly and coherentiy,
using specialist vocabulary where appropriate '-
Use of the following four words/phrases: |
' constant, half-life, arder, doubles/x2 |

; 1]
s e L

g
Lo
Tl

e

frd
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Expected Answers

4 {a)

(1Y

" Look for atoms bonded together.
i AND other lone pairs.

]

(e}

{i)
{5}

: CisHpO: v

any chemical that reacts to produce gas:
| e.g. carbonate and CO; v/
| accept: metal more reactive than Pb and H;

balanced equation to match chemical added v/

[3]

' . molecular formula = C;oHie_Q;__f

| Md{Lidocaine) = 236 v

" Moles Novocaine = 100 x 103/236 = 4.24 x 10 v/
_Concentration of Novocaine = 4,24 x 107 x (1000/5)

| = 0.0847/0.0848/0.085 mol dm™ v’

_ 374
thass €= 12 x 440 °

102¢g/

3.74
— 7 = 0085 mel v

i moles CO; = 44

2

i mass H=7gx0918=0102¢g /
' 0.918

tholes H,O - T 0.051 mol v
| 1.02 0.102

ratio € ; H=“1*2"' :7“20_085010.102:5:6/102 12/
ratic CO2 : H,0=5:3/10:6 ¥
mass O = 1.394 - (1,020 + 0.102) = 0.272 g
/ using 1.394 g eugenol and M, = 164, shows that 1
molecule containg 2 atoms of O v

B
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