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Do not turn over this question paper untit you are told to do so

Write in soft pencil.

Do not use staples, paper clips, glue or correction fluid.

Write your name, class and admission number in the spaces provided at the top of this page
and on the Multiple Choice Answer Sheet provided.

There are thirty questions on this paper. Answer ALL questions. For each question there are
four possible answers A, B, C and D.

Choose the one you consider correct and record your choice in soft pencil on the Multiple
Choice Answer Sheet provided.

Read the instructions on the Multiple Choice Answer Sheet very carefully.
Each correct answer will score one mark. A mark will not be deducted for a wrong answer.

Any rough working should be done in this question paper.
The use of an approved scientific caiculator is expected, where appropriate.
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. . . 9 When glucose is stirred into water and dissolved, strong hydrogen bonds are formed lly
Information about the properties of some compounds are given below. between the glucose and water molecules. As more water is added, these same hydrogen
bonds are subsequently broken.

compound boiling point / °C
HE ..%w.mm Assuming that the rate of energy change remains relatively constant throughout, which of the
H_.A_w 10 o following graphs best represents the observed temperature changes?
2!
. A B
Which statement about the hydrogen bonding in these compounds is correct?
e g
A HF has a higher boiling point than NHa because each HF molecule can form more m ,m
hydrogen bonds on average compared to each NH; molecule. 5 5
[=% Q.
B H.O has a higher boiling paint than HF because the H-O bond dipole is greater than the m m
H-F bond dipole. . >
€ H:O has a higher boiling point than HF because hydrogen bonding between two volume of water added volume of water added

molecules of H;0 causes it to dimerise.

t boiling’point because it forms féw: hydrogen bonds on ‘average.and
bol pol

temperature
temperature

» »
> >

6
CHj; volume of water added volume of water added
H

Which statement does not describe the molecule above?
10 The AH, values of some hydrocarbons are given below.

A The o bond between C2-H is formed by 2sp®~1s overiap.

B hé oibond:betw C3=Cdisformed by 2sp?=2spZ overiap. hydrocarbon AH. I kJ mol™ M,

. 2 3 CHa -889 16.0
C  The o bond between C5-C6 is formed by 2sp®-2sp?® overlap. C,Hs -1660 30.0
D The x bond between C4-C5 is formed by 2p—2p overlap.

What is the ratio of heat generated by CH. to C:Hs when the same mass of each hydrocarbon
is burnt?

A 057 B 094 c 1.07 D 114

[Turn over
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A synthesis was carried out to produce methanoi from hydrogen and carbon monoxide at a high
temperature:

2Hy(g) + CO(g) = CH:OH(g) AH =-91 kJ mol"

The partial pressure of CHsOH(g) was monitored over time, and changes were made to the
reaction system at times £ and £.

Partial
pressure of
CH30OH

'
]
1
)
1
i
1
i
|
|
]
+
i
'
[}

time
t t 4]

What are the possible changes made to the system at £, and &?

s t
CH3OH was removed Temperature was increased
CO was removed

Temperature was increased

Temperature was decreased
CO was removed
CH30OH was added

0w >

Temperature was decreased

Pure water undergoes slight auto-ionisation:
H:0() = H*(aq) +-IH-(aq) Ky at 10 °C = 2.9 x 10" mol? dm™®
Which of the following equations about water at 10 °C is true?

A

OO0 w

(H'] < [OH]

[Turn over
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20

21

10

Trimethylamine, (CHs)sN, has a pK; of 4.1.

10.0 em® of 0.1 mol dm™ (CHs)}N was pipetted into a conical flask and titrated against
10.00 cm® of 0.1 mol dm= HCL.

Which of the following statements is true about the pH of the reaction mixture?

before addition of HCI after adding 10.00 cm? HC/
A : 5.6
B 11.5 99
Cc 13.8 5.6
D 13.8 9.9

The bicod buffer system in the human body which maintains the pH of blood at 7.40 can be
represented with the following equilibrium:

H20(l) + COx(g) = HCOs(aq) + H'(aq) Ka=7.9x 107 mol dm?

Which of the following statements about the blood buffer mvﬁm:_.w not true?
A During vigorous exercise which produces large amounts of tactic acid in the blood, the

body regulates pH by exhaling more CO,.

B When a person hyperventilates (breathes in and out excessively quickly), the loss of CO,
causes the pH of blood to increase slightly.

c phH SHET Hen:the ratio of [HCOs] 2 [CO3] isi16i.
D  The blood buffer system is made up of H,CO3 and HCO;~.

Ag.COs is a sparingly soluble salt with a K, value of 8.2 x 102 mol® dm.

Which one of the following statements about a solution containing solid Ag.CO; is correct?

A Addiicrians

B Addition of sodium carbonate increases the solubility of Ag2COs.

tore:Ag»CO solid

O>nnmno:o,">uzoumo_:mo:amn_.mwmwwﬁzm X%<m_:mo*>u~00u.
D Addition of water decreases the solubility of Ag2COs.

6€8~d9
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13 14

26 Alkynes can be deprotonated to form strong nucleophilic ions known as acetylides. 27 Compound K has the following structure:

HyC—C=C—H —® H,c—C=CT + H'

NS
acetylide ion
K
The acetylide ion can react with carbonyl compounds. An example of such a reaction is shown
below: Which of the following statements are correct when K is treated with hot acidified KMnO,?
Iuo/ 1 There is only one organic product.
o n/w 2 The product(s) contain at least one carbonyl functional group.
HyC—C=C—H + \_n_w/ — 0/ o\ox 3 The product(s) contain at least one carboxylic acid functional group.
HiC™ "CH, HsC” ~CH, A 1only
Which of the following reaction schemes does not show the correct corresponding product w A and 2 o:_,<
formed? G 2anddenly
Iuo/ D 1,2and3
A 0 n/wo OH
HiC—C=C—H + _C — PR . . . . .
HyC ~H Co 28 A Period 3 chioride and Period 3 oxide are dissolved in two separate portions of water to form
HC™ 'H aqueous solutions.
_._/ Both of the resulting solutions can be used to dissolve AO3 but only one of the two can dissolve
0 % IO slightly.
B — + I C OH
H—C=C—H _Co — ,O\ Which of the following could be the chioride and the oxide used?
T_mo OIw T_ o\ /OI
3 3
1 PCls P4O10
_._/o 2 MgCh SOs
(o] A 3 Si 0}
c _ Q /O OH iCls Na
H—C=c—H + c —_— A/ A 2only
B 3%y
Cc 1 and 2 only
D 1 and 3 only

[Turn over
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READ THESE INSTRUCTIONS FIRST

Do not turn over this question paper until you are told to do so

Write your name, class and admission number on all the work you hand in.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

Answer all questions.
The use of an approved scientific calculator is expected, where appropriate.
A Data Booklet is provided.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.

Question 1 2 3 4 5 Toftal

Marks

20 13 24 9 9 75

This question paper consists of 16 printed pages and 2 biank pages.

Answer all questions in the spaces provided.

Many household tools are made from stainless steel as it is highly resistant to corrosion and rust.
Stainless steel contains iron, chromium, manganese, nickel, molybdenum, silicon and carbon
which interacts with oxygen from water and air to form oxides. Of these elements, chromium has
the highest resistance to corrosion.

Despite the high resistance, rusting still occurs in a humid environment. A ‘Do-it-Yourself (DIY)
kit has been launched in the market to remove rust from household tools and the set-up is shown
in Figure 1.1.

Figure 1.1

_

Iron sheet Rusty tool

NazCOs (aq)

(

) (i) State if the iron sheet is the anode or the cathode. 1]

anode
(i) Use of Data Booklet is relevant to this question.

State and explain the observations found at the iron sheet electrode. [2)
The iron sheet will becomes smaller. )
Fe — Fe?* + 2e E=-044V
2H,0 5 Oz +4H + 460 E'=+123V ()
Since E'rezsre is more negative than £ to2120), Fe is preferentially oxidized to Fe?*. (;)

(iii) Suggest why carbonate ions from Na,CO3 electrolyte cannot be oxidised at the anode.
gl
Carbon in carbonate is at the maximum oxidation state of +4 or the electrode potential
involving carbonate ion is very positive.

Gv8-d9
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(ii) By quoting relevant data from the Data Bookiet, explain why chromium(III) oxide and
aluminium oxide have the same acid-base behaviour. [2]
Cr® has an ionic radius of 0.062 nm while A* has an ionic radius of 0.050 nm (;) while
both have the charge of +3. As the charge density of the cations are similar(;), they have
similar degree of covalent character, hence behave similarly.

(iif) Use of Data Booklet is relevant to this question.

Describe the observations when dilute NaOH is slowly added to the solution containing

chromium(IOT) ions until in excess. [2]

Grey-green precipitate is formed which dissolves in excess to give a dark green solution.
[Total: 20]

(a) An aqueous solution of chlorine dioxide undergoes disproportionation in sodium hydroxide to
form chlorate(V) ion, CIOs~, and hypochiorite ion, CIO~. The reaction is catalysed by OBr-
ion.

OBr
4Ci0(aqg) + 40H-(aq) — 3CIOs~(aqg) + CIO(aq) + 2H,0()

To study the kinetics of this reaction at 25 °C, initial rates were measured using various
concentrations of C/Oz, OH- and OBr-.

experiment [CIOg)/ [OHY [oBr]/ initial rate/
mol dm~ mol dm-3 mol dm-? mol dm3s™!

1 0.02 0.05 0.01 2.30x 108

2 0.10 0.02 0.03 6.90 x 102

3 0.02 0.10 0.01 4.60x 10

4 0.04 0.02 0.03 1.10 x 102

(i) Explain, in terms of oxidation numbers, why this reaction is a disproportionation reaction.

[2]

The oxidation number of Ci in CIO; increases from +4 to +5 in CIOs" and decreases from

+4 to +1 in CIO~.(;) Since ClO: is oxidised and reduced at the same time(;), it is a
disproportionation reaction.

[Turn over

(ii) Determine the orders of reaction with respect to CIO,, OH-and OBr, [3]

Comparing experiment 1 and 3, when [OH increases by 2 times, keeping [CIO.] and
[OBr] constant, initial rate is increased by 2 times, order of reaction w.r.t OH- is 1.

Comparing experiment 2 and 4, when [C/O,] increase by 2.5 times, keeping [OH] and
[OBr] constant, initial rate is increased by 6.27 times, order of reaction w.r.t. CIO.is 2.

Let the rate equation be: rate = K[CIOz}OH|[OBr[*

Using Expt 1 and 4

230x107°% _ k(0.02)2(0.05)(0.01)*

L10X1072  £(0.04)2(0.02)(0.03)%
0.01,

03345 = G

=1
order of reaction w.r.t. OBris 1.

(iif} Hence, write the rate equation for the reaction. [11
Rate = k[CIOz]F[OH][OBr]

(iv) Calcuiate the rate constant, k, of the reaction and state its units. [2)
Using Expt 1,

2.3 10 = k(0.02)? (0.05)(0.01)
k = 11500 (;) mol® dm® s (;)

(v) Determine the initial pH of an aqueous solution of the reaction mixture if the

concentration of chlorine dioxide is 0.200 mol dm™= and the concentration of OBr is 0.1
mol dm3, given that the initial rate of reaction is 1.45 mol dm—3s*. [2]
1.45 = 11500 [0.200]2[0.1]{OH-]

[OH]=0.03152 mol dm=3(;)
pOH = -log [OH"]

=1.50
pH = 14 - 1.50 =12.5/(;)

ly8-dd




ND +,BN < NOeN

NO+ .H = NOH
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(iv) Predict, with reasoning, whether the product of step 1 is able to rotate plane-polarised
light. 31
There is a trigonal planar arrangement about the carbonyl carbon (). The CN-

. This results in

not rotate the plane of polarised light. (;)

(v} A scientist carrying out the synthesis of mandelic acid would like to check if all the
reactants in step 1 have been used up.
Devise a suitable chemical test which can help him verify if ail the reactants in step 1
have been used up and include observations in your answer. [2]
Add Tollens’ reagent and warm to a small sample of the reaction mixture. (;)
No silver mirror precipitate will be formed if all the reactants have been used up. (;)

(c) Glycolic acid is produced by plants during photorespiration and is recycled by conversion to
glycine, H.NCH2COOH, within the cytoplasm. The same conversion can be done in the
laboratory.

Devise a two-step synthetic route that converts glycolic acid to glycine in a laboratory.
Include the reagents and conditions and the structure of the intermediate product. [3]
HOCH.COOH — CICHCOOH — HNCH,COOH

Step 1: HCI(g) / NaCl, conc H>S0y4, heat

Step 2: excess concentrated ethanolic NHs, heat in sealed tube

[Turn over

10

(d) A polypeptide made up of 10 amino acid residues is partiaily hydrolysed to give four smaller
fragments. The four fragments are:
ala-gly-ser-gin
lys-trp-arg-pro
gin-his-lys
asp-ala-gly.
Deduce the sequence of the peptide chain. 11
asp-ala-gly
ala-gly-ser-gin
gin-his-lys
lys-trp-arg-pro
asp-ala-gly-ser-gin- his-lys-trp-arg-pro

(e) Amino acids can be neutral, positively or negatively charged, depending on the pH of the
solution.

Amino acid exists as zwitterions at the isoelectric point.

(i) Define zwitterion. [1]
Zwitterion is a dipolar ion formed by the intramolecuiar migration of the proton (H+), from
the carboxyl group to the amino group. There is no net charge and is electrically neutral.

(il) Aspartic acid is an a-amino acid which has the R group ~CH,COOH.

NH,

HOOC COOH
Aspartic acid (asp)

When fully protonated, the pKa values of the acidic groups are 1.88, 3.65 and 9.60.

Draw the fully protonated aspartic acid and assign the pKa values. [2]
:/ 9.60
+
H—N—H
HOOC COOH
3.65 1.88
(i) Hence, draw the major species of aspartic acid at pH 5. [1]
I/
H—N=H
“looc coo”
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13
(iv) Hence, predict the sign of AS for the reaction in (a) and explain the spontaneity of the
reaction at high temperatures. [2])
* AHis positive
e AS is positive as the number of gaseous particles increases. [1]
» —TASis negative
» Since AG= AH-TAS

= AG will only be negative when T is large and the reaction is spontaneous at high
temperatures. [1]

(b) Trouton’s rule states that the entropy change of vapourisation for liquids such as benzene

and hexane at their boiling points is almost the same value at around +85 to +88 J K-' mol-*.
However, the entropy change of vapourisation for butanoic acid is +130 J K-' mol-'.

Compare and explain the difference in the entropy change of vapourisation for butanoic acid
and benzene. 2}

AS°p(butanoic acid) is more positive than +85 J mol™ K™'(;), as hydrogen bonds between
butanoic acid molecules in the liquid state reduces its entropy due to the relatively strong
intermolecular forces of attraction between the molecules which results in less ways to
arrange the molecules. In the gaseous state, the molecules are further apart and would be
much more disordered with less significant intermolecular forces of attraction between the
molecules. (;)

[Total: 9]

[Turn over

14

§ Compounds P, Q, R and S are oxides or chlorides of Period 3 elements.

Table 5.1 shows some properties of the compounds.

Table 5.1
Compounds Melting point Solubility in pH of solution
water
P High Yes 13
Q Low Yes 2
R High Yes 6.5
S High No

(a) Based on the information from Table 5.1, deduce the identities of compounds P and R and

(b

-~

write the equations to justify the pH of the respective solutions. [2]
P: Na;O

Naz0 + H,0 — 2NaOH

R: MgCl;

MgCl, + 6H20 — [Mg(H20)6]?* + 2CI

[Mg(Hz0)e]** + H20 = [Mg(H20)s(OH))* + H;0*

S Is only soluble in hot concentrated sodium hydroxide.

Identify compound S and write the equation for the reaction with hot concentrated sodium
hydroxide. [2]
S is SiQ. (as it has a high melting point, insoluble in water and only reacts with hot
concentrated NaOH.)

Reaction of S with hot NaOH:

168-dd
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H2 CHEMISTRY

Paper 3 Free Response

9729/03

Section A

(@

high-resistance voltmetec

electron flow

n

HNOx(oq}
HeSOuloq)

BI777
2]5/7
13/7

max [1]:
battery or
mixing of
solutions

salt bridge

anode: Zn -+ Zn* + 2¢-
cathode: NOy~ + 2H* + & — NO, + H0 [1]

sum: Zn + 2NO; + 4H* — Zn?* + 2NO, + 2H;0 or
Zn + 2HNO; + H2SOs — ZnSO4 + 2NOz + 2H,0 [1]

(i

Ecet =+ 0.81 - (- 0.76) = +1.57 V

@)

concentration of H* / NO3~ higher than 1.00 mol dm=3/
temperature higher and reaction is endothermic /
NO:; gas formed escapes the solution [1]

equilibrium position of cathode half-equation shifts right, higher Ecey 1

(b)| (@ ® 00 PY )
o) o Oe
%% ++ +eo ®
N +
X
o
N
[ J
+.0 % +y
X ~+ 0
x O 4
x% X
Am_v Dlam_&a:
2NO,(g) ————» N,O,(9)
ﬁaw/ k
the elements
BH oion = —2(33.2) + 9.2 =572 kd mol |
(iii)| |bond is formed between two NO;
energy released / exothermic
(iv)| |decrease in number of moles of gases [1]
decreased ways to arrange molecules (1) and distribute energy (2)
decreased disorder (3) hence decreased entropy (4) [1}
(v)] |AG = AH - TAS
at high T, ~TAS (positive) has larger magnitude than AH (negative)
AG > 0/ more positive
at low T, ~TAS (positive) has smaller magnitude than AH (negative)
AG < 0/ more negative
(vi)
2NOx{g) =  N204(g)
Pinitiat / bar 1.00 0
Pchange / bar ~0.702 +0.351
Penai / bar 0.298 0.351
_ DPNoy _ 0351 _ 1
Kp= ILnuzNPs = o = 3.95 bar~
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(b)

®

NZmnT__uOA + ZmIn_uO> — NasP3O0¢ + 2H,0

(i

(i)

tetrahedral
(0]
__u_
0 o0 0
///_u\ n_un /_u\
o] ] | o

\O

2+
Ca

overall 3—
charge okay

(iv)

[Ca™] present = S28X18/4m’ _ 4 2618 x 10¢ mol dm [1]

Kep(Cas(POs)2) = [CaZ* Y PO = 2.07 x 10733 mol® dm-15
[Ca?*]?(6.53 x 1078)2 = 2,07 x 10~32
hence maximum [Ca®] allowed in solution = 7.859254 x 107 mol dm~ [1]

hence 7542+ to remove =7y, p o, 10 add = 1.2618 x 10~ ~ 7.859254 x 10~
=4.7587 x 107 mol
mass of NasP3O1o to add = 4.7587 x 10~ mol x 368.0 g/mol = 1.75 x 10~ g [1]

(a) I H
o]
OH
HO
0
J L
o} o]

0 OH HO

(b} | || Information Deduction

A, CsH100s, is a chiral compound

A has a carbon with 4 different groups /
atoms attached to it

When 1 mol of A is reacted with excess
solid sodium carbonate at room
temperature and pressure, 24 dm?® of CO,

is formed.

Acid-carbonate reaction

A has 2 -COOH groups

A does not react with hot acidifed
potassium dichromate(VI)

A cannot be oxidised

A reacts with excess hot concentrated
H2S04 to form B, CsHsO4

elimination

A has a tertiary alcohol (since cannot be
oxidised but can undergo elimination)

B has an alkene group

1 mol of B reacts completely with 2 mol of
NaOH(aq)

B has 2 -COOH groups
acid-base reaction

When B is heated with acidified
KMnOu(ag), C, C3HsOz, and D, C3H4O,
are formed.

oxidative cleavage / oxidation

C gives a yellow precipitate with warm
aqueous alkaline iodine

C has CH;CO-
oxidation

Both C and D reacts with magnesium to
give effervescence

Both C and D have -COOH group
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more reactive towards (subsequent) electrophilic substitution / benzene becomes a
stronger nucleophile to attack electrophile (again)

9

ny+ discharged = ne- discharged = 4.545 mol
from HF:
ny+ discharged = 7~ discharged = 7.25 mol
hence total 7+ discharged = total n,- discharged )

=4.545 mol + 7.25 mol = 11.795 moi [1]

: MHp _NFp _ 1 _ = 11795 mol _
since mﬂw = =3 e, =TI, > 5.8977 mol
pV =nRT
_NMRT __ (5.8977)(831)(223) _ 3

volume of each gas Hy and Fp, V = . = To137s =0.108 m® [1]

(V)| |H2 0] wrong
less electrons gas
weaker 21474
instantaneous dipole — induced dipole forces of attraction between molecules 274
more ideal gas

i [1] comect
(vi) H, E HF orbital
2 overfaps for
all3
[1] correct
s 1s 2p 2p 1s 2p aa‘,ﬁ\ w%a
(a)| (i)| |name of mechanism: electrophilic substitution
electrophile generation:
AC; + G —_— LY o A
o) o}
1m for correct name and correct generation of electrophile (ignore arrows)
benzene attack electrophile: deprotonation:
O/\
+ (o] o
I) + AICL
slow “ocl—
Cl—AlCl; —— + Hel

- arrow from circle to C+ - arrow from CI- lone pair / bond pair to H

- slow - arrow from C—H bond to ring [2)7/8

- positive charge with break - restored delocalisation [113/8

- side chain attached -HC!

(ii)| | hydrocarbon substituent is electron-donating 2j4/4
increasing electron density a4
of delocalised = electrons in benzene
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Class Adm No

Candidate Name:

Shift
_JJ m _ _.mw n Dmm Laboratory
institute
2022 Preliminary Examinations
Pre-University 3
H2 CHEMISTRY 9729/04
Paper 4 Practical 31 Aug 2022

2 hours 30 min

Candidates answer on the Question paper.

READ THESE INSTRUCTIONS FIRST

Do not turn over this question paper until you are told to do so

Write your name, class and admission number on all the work you hand in.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fiuid.

Answer all questions In the spaces provided on the Question Paper.

The use of an approved scientific calculator is expected, where appropriate.

You may lose marks if you do not show your working or if you do not use appropriate units.
Qualitative Analysis Notes are printed at the back of the Question Paper.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.

Question 1 2 3 4 Total

Marks

13 17 12 13 55

This question paper consists of 19 printed pages and 1 blank page.

Determination of amount of water of crystallization in CuSO.-nH,0
Copper is a transition metal capable of exhibiting variable oxidation states. Compounds containing
Cu? ions tend to be relatively stable.

Cu? ions react with excess potassium iodide, KI, to produce iodine, I, and a stable precipitate, Cul.
To determine the concentration of Cu?* via iodometric titration, all the Cu?*ions are reduced to Cu*
ions. A brown suspension, made up of an off-white precipitate of Cul in a brown solution of I, will
be produced.

equation 1 2Cu? (aq) + 41" (aq) - 2Cul (s) + I, (aq)
Iz has a refatively low solubility in water. However, the presence of an excess of I ions in the reaction

mixture allows the soluble tri-iodide ion, Is~, to form as shown by equation 2. This ensures that the I,
formed as shown in equation 1 is fully dissolved.

equation 2 L+ I
The I5~ ions formed may be titrated against a standard solution of Na.S:0; as shown in equation 3.
equation 3 I~ + 28,0357 — S406* + 31

The solution should be titrated immediately after addition of KI because the I, may be adsorbed onto
the Cul precipitate, rendering the end-point less sharp.

You are provided with:

FA 1 s solid hydrated copper(II) sulfate, CuSO4-nH,0, where n is an integer

FA 2 is 0.10 mol dm™ sodium thiosulfate, Na»S20s

FA 3 is 1.00 mol dm potassium iodide, KI

FA 4 is 10% potassium thiocyanate, KSCN

Starch indicator

The presence of thiocyanate ion, SCN~, in the titration mixture near to the end-point will have an

impact on the accuracy of the results. The procedure described is designed to improve on the
accuracy.

In this experiment, you will determine the amount of water of crystallisation in 1 mol of CuSO4-nH,0.
You will titrate FA 1 against FA 2.
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(d)

(i) Hence, calculate the amount of copper(lI) ions, Cu?, in 25.0 cm? of FA 1 solution.
Amount of Cu?* in 25.0 cm?® = 2 x 0.00105 = 0.00210 mol

amount of Cu?* in 25.0 cm?® of FA 1 solution = ......... [P PRIN & §

(iii) Determine the amount of CuSQ4-nH;0 in 250 cm® of FA 1 solution.
Amount of Cu?* in 250 cm® = 10 x 0.00210 = 0.0210 mo! = Amount of CuSOsnH,0

amount of CuSO4:nHz0 in 250 cm® of FA 1 solution = ... 1]

(iv) Calculate the M, of CuSO4'nH,0, and hence the value of n.
[{A: H, 1.0; O, 16.0; S, 32.1; Cu, 63.5]
- 5.00 _
M, = o0~ 238.1
. 238.1-63.5-32.1-16.0x4
- 1.0X2+16.0

n = 4.36 = 4 (nearest integer)

M; of OCMO».BI»O B e rbeeieetreneiararaan

value of n =

Starch forms a dark blue-black complex with the tri-iodide ion, Is~. The starch indicator is not
added at the beginning of the titration as the resulting complex at high Is~ concentration is
relatively stable, dissociating only slowly.

Predict and explain the effect of adding the starch indicator at the start of the titration on the
M; of CuSO4'nH:0 determined in (c)(iv).

Due to the slow release of Is from the starch-ls” complex, the end point would have exceeded
the equivalence point, resulting in a larger titre value.

This leads to larger amount of CuSO4.nH.0 hence the Mr would have been smaller than the
actual value. 2]

[Total: 13}

[Turn over

M9

M10
M11

M12
M13

2

Investigation of the effect of concentration changes on the rate of a reaction
lodate(V) ions, 1057, also react with sulfite ions, S$0;27, in the presence of acid to produce iodine:

I0s7(aq) + 804> (aq) + H*(aq) — Lx(aq) + other products

The rate of this reaction is affected by the concentration of acid present in the reaction mixture.

In the presence of starch, the iodine produced will give a dark blue colour. Therefore, the effect of
the concentration of the acid on the initial rate of the reaction can be studied by measuring the
time taken for a fixed amount of iodine to be produced.

You are also provided with:

FA 5 is 0.0500 mol dm dilute sulfuric acid, H,SO,

FA 6 is 0.0400 mol dm™ sodium sulfite, Na,SO3

FA 7 is 3.50 g dm™ aqueous potassium iodate(V), KIO;
Starch solution (from Question 1)

(a) You are required to perform a series of five ‘iodine clock’ experiments, by varying the
concentration of acid and measuring the time, t, taken for the dark blue colour to appear.

e For each experiment, solution 1 will contain the same volume of FA 6 but a different
volume of FA 5. You will need to ensure that the total volume of solution 1 is kept
constant at 50 cm? by adding deionised water as required.

¢ For each experiment, prepare solution 2 as described in @)i).

Note: Use separate measuring apparatus to prepare solutions 1 and 2.

For each experiment, you will note the volume of FA 5, Vi s, and the time taken, t, for the
reaction mixture to turn dark blue.

You will then calculate the following values to 3 significant figures:
e A,
o Ig(14),
® 1g(Vras).

In the space provided on page 9, prepare a table in which to record, to an appropriate level
of precision:

o all volumes used to prepare solution 1,

¢ all values of t,

e all calculated values of 1/t, ig(1/t) and Ig(Vras).

198-dd




8N
LIN
9L
SIN
viN

wl,HY = 9.l
o} payldwis aq ueos ' |H
0} 10edsal YPM UOOBRI JO JAPIO BU) S| i BIeym ‘uoenbe ejel su) ‘pebueyd usaq sey § V4
1O UONERUAdUOS By} AJUD PUE JUBISUOD 1de) S| SINX|W UORIESI B} JO BWINJOA B0} 84} SJUIS

‘UOIRJIUSIUOD [enIul S} JO sInsesw
e se pesn aq ued juswusdxe yoes uy pebueyd s| Jey) Jueoeal BU} JO BLINIOA o
‘8)el [ef|ul S} JO aInseaw e spiaosd ued | e
JUBJSUOD SJNIXILI BY) JO SLINJOA
jej0} sy} Buidasy pue sjueess ay} Jo U0 JO UOJEIUSBILOD BY) Buibueyo epym ‘pawil S|
(unojoa en|q ep Jo soueseadde ‘a7) Julod-pus euses sl aieym ‘sjuswiadxe jo saues e y|

uoyoesl JO Jep.Io JO uojeuLLIS)ap [edlydeld
[s]
‘sjuswadxe pejels {|e o} senjea (S v4A) By pue (/1) 61 YL eveinojes Aposuod ‘gLIN

o G Jse9| 18
£q JoyIp 1SNW SaWNOA [y 'G V' JO SWIN[OA 8Y) Jo} SBN|eA pededs-iam JeUio € 8S00UD LLIN

pepnjoul 8¢ 1SN Z pue | sjuswiedxa Jo} Bjeq "S8sea109p G Vd 0 SLNJOA Se 8seaioul }
4O senjen [je pue sjuswipedxa G Joj sBuipess swn pue § V4 JO SWINJOA JO J8s aje|dwon 9L

1S € 0} SON[EA POIEINOIED @
puOoes }S8IEBU O]} ®
(WD G'0 O} SWNIOA @

uotsioaid 10000 UM BIep je piodsY G LIN

(sv2p) B o
1) B
Yo
auwl e

15]EM POS|UOIOP pue g V4 ‘G W JO s8Wnjor e
SUN pue SIepesy J0B8L0d YIM Bide] PN

8yl 560~ Lo 6 00l 00L 0°0€

ov'L 80°L- £€80°0 [43 015 0ol 0'se

0e’L 8171 29900 Sl 0'0C 00k 002

00'L SyiL- 1G€0°0 82 0°0¢ 00L 00l

09’1 209°0- 05820 14 00 00} ooy

SO / IB}EM
3 3 posjuolep | (WO /9Vd | (WO/SVd
(sv4p) By I By WSy S/ W | JO SWNOA | JO SWNIOA | JO BUNOA
s)nsay
8

Jan0 wny]

*5|qE) JNOA U] SBNJEA PSEINDJES PUE USXE] SUIi} 'SBWNJOA padinbai |le p1038y

*anjg 3MeEp Win} 0} UOKN|OS Bu} 0} J ‘USXE) SW BLY) sUILLIBIRT  *
‘) Juswadxa u) PAQLOSp SE g UolNjos aledald e
‘| UOKNOS JO (WD §"0G esedaid 0) Jsjem

PESIUCIAP PUE § V< JO SUWIN|OA PS}OB[as JNOA Uim Joyeb0)'g Y410 WO 00LBSN @
‘aseD Yoes u|
‘sjuswiedxe 991y} Buluiewas ay} ul 8sn
10} *4WO (°0p PUE (WD 0°0L USBMIS] ‘G V4 JO SBLNJOA Sjqeyns JBUY0 @84y} 8sooUD
G 0} ¢ Juewsadxy

*1 0} | sdejs jeaday 0L
‘an0ge § Juawiadxa Uj pequassp se g uopnjos aledald 6
-1ajem pasiuoiap Buippe Ag (wd (S O} SWNJOA 84} dn
SYEN 'S W 10 (WO 00} PUE 9 W4 0 cwio 00 Buisn § uonnjos jusiayip e aledaid g
Z Juswipadxgy
) Aup pue Jejem upm AlyBnoioy) 1oxeaq ay} ysem "L
-g|qe} NOA Ul PUODSS JSBIBaU Sy} 0} 7 ‘USHE] BUl) BU} PI0ISY "9
-sieadde siiy JNOJOO BNjg Yep au) uaym yoemdols sy dois °g
-pou sseif e Buisn ainpxiw 8y} ms v

-Aejeipawiw yojemdols ey} HelS ‘) uolnjos Bujuieyuod
1exesaq ay oju Alingesea Inq Aprde. Japulho Buinsesw syj ulol g uopnjos nod ‘¢

“J9yeaq
8y} 0} JOJEDIPU YOIEIS BU) JO WO O'S PP Japuio Buunsesi (Wo o) e Busn ‘2

|1} S)uUM € Uo paoe|d JoxES] (WO 0 € O | UOYN|OS J3jsuelL 7|

“sopuljAo Bupnsest (Wd Q) € 0} L V4 JO (WD 004 in0d ¢
z uonnjos

'g vd4 Buippe Ag ¢wd 0°05 ©}
awnjoA ayy dn eyew pue JepuiAo Buunsesw (wo oG e 0} 9 V4 JO WO 0'0Ldnod e
| uonnjos

| Juswitadxgy

(

=

()

1)

298-dd



{b)

By taking logarithms of the factors in this equation and by substituting 1/t for rate and Veas
for concentration respectively,
1g(1/t) = m x Ig(Vras) + Ig k

Therefore, by plotting a graph of ig(1/t) against Ig(Vras), you will be able to draw a straight
line of best-fit graph, where m is the gradient of the line.

Plot a graph of Ig(1/t) on the y-axis against Ig(Vea s) on the x-axis. Draw the best-fit
straight line, taking into account all of your plotted points.

Ig & 1.00 110 1.20 1.30 1.40 1.50 160 g Vess

-0.60 e

-0.80 , -0[80)

-1.00

¥ AT

-1.20

-1.40

-1.60
M19
M20
M21

3l

M19: Axes correct way round, with correct labels and appropriate scale. Scale must
be chosen so that plotted points occupy at least half the graph grid in both x and y
directions

M20: Al plotted points correct to within + % small square

M21: A best fit line is drawn with anomalous points excluded

[Turn over

(c)

(d)

10

(ii) From your graph, determine the value of m, showing clearly all your working. Give your
answer to 3 significant figures and hence state the order of reaction with respect to
[H1.

" _ (—080 — (~1.40)) _ _
Gradient = Teioe 1.00=m

Correct calculation of gradient of the graph with working shown. The m value is equal
to the gradient of the line
Must show accurate coordinates fafling on the line with triangle

order of reaction with respect to [H'] =

This experiment is known to be very reliable. When it is performed carefully, it is possible to
make a reaction mixture that changes colour after a specified time interval.

Use your graph to determine the volume of FA 5 which would need to be added in
solution 1 so that the reaction mixture turns dark blue at 15 seconds.

Show your working clearly.

When t= 15 s, ig (1/t) = ig(1/15) = -1.18

From the graph, Ig Veas = 1.27

Vras = 18.6 em?® (3s.f)

volume of FA 5 required = ........ e 2]

e Correct calculation of Ig(1/15) = ~1.18
® Correct reading of Ig(Vra s) value from graph to within % smalil square.
e Correct  calculation of volume  of FA 5 using value for

19(VFa 5}

[2] for all 3 points correct
[1] for 2 points correct

State and explain which experiment, from experiments 1 to 5, is likely to have the greatest
error.

Experiment 1 as time, t, is smallest value and so has greatest % error

OR

Selects Experiment 2 and explains that volume of FA 5 used (20 cm®) is smallest and so
has greatest % error
1

M22

m23
M24

M25

€98-d9




EEN

ZEN
IEN

[1]18101A

usslig peyd 00. - 059

anig abueio 059 - 085

18|0IA MOjjaA 086G - 056

pay uaelo 0SS - 06%

abueio anig 06¥ - 0SY
MOJIPA 18[0IA 0S¥ - 00¥

nojod Aieyuswejdwiod inojod () ebues yibusjaaepp

" 2A5(ua)iN] jo Ino|o2 B8y; 19jpald 0) MOjaq UORBULIOJ|
oy} esn ‘wu LG noge jo yibusianem e JO UOREIPES Sqiosqe LE(ue)IN] yeur uaale  (9)

[el “PaGIosGE 1B a4y JO NOoD AJEJUSIWS[AWOd 8y} Sf X8|dwod oL J0 Jnojcd 8yl *
“feNGi0 p AbieUs Jeub]tj 0y pajowiord 8q 0} [E)iqJo p
{61} peowiond eue ey ‘FV 03 Buipuodsanioo winioads opeubewonosls ey Jo uoibal
1Bl 3jqIsiA sy} woly ABIeue qIOSQE SUOAO8|e UByM ‘DAY AfEIHEd 8Je S[e)qIo p Byl sy e
SV 'deb ABIoUS [lewis € UNM SjoAd] ADJeUS ¢ OJU] S|elIqIO p auy sjids pue -
uoisindas DJUCLOB}BIBIUL U} SHNS8Y )} ‘SUO] {BjewW [Bfuad ay) yoeosdde spueby ayy sy e

“peInojoo Uayo aJe spunodwod |Bjew uopisues} Aum ueidxg ()

*poUILLIBIOP B UEBD UOHN|OS UMOUNUN
oy} ul [s(ue)iN] Jo uojesUeOUOD BY) ‘Bulj UOHEIGED BU} UM UORNIOS SIy} JO @oueqiosqe
8y} Bupedwod Ag ‘UONEAUSIUOD UMOUNUN JO UOKN(OS B Buisn pajeeda) usy) s| Juswiuadxe sy

‘auyj uoneIqIED B Se umolny S| ydesb siy) "pepojd uey si uojenuaoU0d
jsuiebe aouegosge jo ydesS vy uonnjos yoee Jo @dUBQIOSQE S} aInseswl O} pasn s
J1o18wonoads v “pasedeid s ,,[F(ue)iN] Buluieiiod UCHN|OS JO UOHEIUBIUOD UMOLY JO SSUIS W
* 2[5(u3)IN] snoanbe jo uopnjos e Jo UOHEJIUAIUOD BY} BUILLISIAP O} pasn aq uea anbiuyos) syl

‘uopn|os
By} JO UOIEAUBOUC) 8L} O} jeuoiodosd Apoesip s enfeA 8UBQJOSGE BU} “6' ‘enfeA sdueqlosqe
oy} Joubiy sy ‘uoRNIOS BY) JO UOIEAUSIUOD By} JAYBIY BY L “enjeA saueqiosqe ue se passeidxe
s peqiosqge by Jo Junowe ay] usajos and eyl ybBnouy; Buissed By jo unowe sy} yum
sjdwes ey} ybnoay Buissed W6y Jo Junowe oy} Buiedwoo Aq sy} S0P | "UORNIOS PBINOCI0D
e yBnouy; auoys si Wby ajqisIA Jo yiBusieaem oyoeds & LUeym paglosqe si jeu 1461 JO unowe
ay) SBINSEaW SUILYOBW SiY | "J8)ewcnoads B SB umou) ‘aulloew € spisul paoerd s) uopnjos 8y}
4O ;WO MO} VY U0 X8|dwoD PaINO[OD B JO UOHNIOS € JO UOHE.UAJUOD U} SLILLISIep O} Apedoud
S|y asn o} ajqissod S| }| "PeINO|oo S8 Suol x8|dwiod [BlaL uojisues Auew ‘uonnjos auipo] o

Bujuue|d

(47

0t

6N

8ZN
LIN
9N

Jano win}]

(21 eol]
18] ", UOHN|OS @MEW 0} S48PUIAD
Buunsesw sjeredes Buisn Jsyem paziuolep pue g Vi ‘G y4 jo sewnjon Buunsesiy

*J0418 SIy} pIoAe 0} 8npaosoud [ejuswiadxa au) 0} LOKEIYIPOW & ysebbng  (n)

[l *J9)SE} St UoloBal JO
ojel os ‘pajoadxe uey) Jeubiy s1 [,H] ey asnedsq si siuy *1omo| 8q ||iM } JO BnjeA ay L
“8A0GE PaquIsep Z Jusiuladxe 1o} pajoayle st JO SNjEA SU} MOY uigidxs pue syeys (1)
-Jajem pasiuoiap Buippe Ag ;wo ('0S 0} SWN|OA 8l dn apew
eys ey} Jeyy “Jepuliko Buunsesw syl uo SBW (WD 0°0Z JO pEsisul “WeW w0 00 eu)
0} dn G V4 pSpPE pue Japujiko Buunsesw (W 0°0G 38U} 03 9 V4 JO (W 0°0} peppe ukaje)
12 yuswpadxs

0} | uopnjos jo uopeledsid 3y} Ul BpeW SEM SYE)SIL Buimoyo; auy ey asoddng

suonsanb yue|q Aue 10} pajonpap 8ZW
(9)Z (9)1 w sBuppoMm JuBAB|G) [jB MOUS BTN
(8)Z ‘(9)1 Ul ssomsue feuy (e U1 saanby weopubis sjeudoidde pue syun 1981100 MOUS 1LZIN

anjeA 1081100 :9ZN

Hﬂu nlEU ow - J R I = rT:

WP 10W 6,900 = (0001/59) / 00¥00°0 = L.H]
{OW 00¥00°0 = ¢-0} x OF x Z x §0'0 = ,H J0 Junowe

'sp=}e
polIE]S Jou SBU UOjjoBa U} Jey) pue paxiw Ajoaped SJe SUORNIOS SU jey) sunsse Aeus NOA
'§ ¢ =} 9w} J€ | Juawiadxa J0j SIMXIW

uonoeal ay) uf Jussaid st ey} ‘e-wip [ow ul ‘[,H] ‘suor uaboipAy JO LIORENUSOUOT BY) BJejNOIED

17

F)]

()

¥98-~dd



(@

13

Using the information given above, you are required to write a plan to determine the
concentration of [Ni(en)s]** in a solution of X.

You may assume that you are provided with:

¢ solution X, of unknown [Ni(en)s}** concentration less than 2 mol dm;

* a stock solution containing 5.00 mol dm® of [Ni(en)s]?*;

¢ access to a spectrometer and instructions for its use;

e graph paper;

* the apparatus and chemicals normally found in a school laboratory.

Your plan should include details of:

« the preparation of 100.0 cm?® of 2.00 mol dm?® aqueous [Ni(en);]2* from the stock
solution;

 the preparation of a suitable range of diluted solutions of accurate concentrations;

e an outline of how the results would be obtained;

¢ a skefch of the calibration line you would expect to obtain;

* how the calibration line would be used to determine the concentration of [Ni(en)s]?* in

solution X.

* Calculation of vol of stock solution needed:

Vol of stock solution needed = SMxN = 40 cm?

s Procedure for preparation of standard solution of 2.00 mol dm?
1. Fill the 50.00 cm? burette with the stock solution of 5.00 mol dm- [Ni(en)3]2*
2. Run 40.00 cm? of the solution into a 100 cm? volumetric flask
3. Top up to the mark with deionised water
4. Stopper, invert and shake the volumetric flask to obtain a homogeneous|
solution. Label this solution P.

» Preparation of a suitable range of diluted solutions
1. Fili the 50.00 cm® burette with solution P

2. Run 15.00 cm? of P into a 100 cm? beaker.

3. Using another 50.00 cm®burette, transfer 5.00 cm?® of deionised water into the

same beaker. Stir the solution with a glass rod to obtain a homogeneous|

solution.

4. Repeat steps 2 and 3 with different volumes of solution P and deionised water,

as shown in the table below (Expt 3 to 5).

14

Outline of how the results would be obtained
1. Use the spectrometer to measure the absorbance of each of the solutions of|
different concentrations prepared and record the absorbance value.
2. Plot a graph of the absorbance against concentration and draw a best-fit line.
This is the calibration line.

Determining concentration of solution X

1. Use the spectrometer to measure and record the absorbance of [Ni(en)s}** in

solution X

2. Using the calibration line drawn, read off the concentration of [Ni(en)s}?"
corresponding to the absorbance.

[9]

[Total: 12]

corvect volume of stock solution used to prepare the standard | M34
solution.

correct procedure for preparing the standard solution, including | M35
top up to the mark, stopper and shake

use of suitable apparatus with stated capacity for the | M36
preparation of standard solution
o burette for measuring out 40.00 cm? stock solution
o 100 cm? volumetric flask

correct dilution concept for preparation of range of diluted | M37
solutions using 2.00 mol dm solution

select a suitable range of concentrations for the diluted | M38
solutions (at least 3 more solutions with concentrations not less
than 0.3 mol dm apart)

measurement of absorbance value using the diluted solutions | M39

plotting of graph (mention axis) M40

sketch of the calibration fine graph (straight line graph passing | M41
through the origin) (if sketch is correct and with appropriate
axes, M40+M41)

description of use of calibration line to determine concentration | M42
of [Ni(en)sJ*" in solution X

Expt Volume of | Volume of | Conc of | Absorbance
solution P/ | deionised water | [Ni(en)s]** /A
cm? fem3 prepared / mol
dm?3
1 20.00 0.00 2.00
2 15.00 5.00 1.50
3 10.00 10.00 1.00
4 5.00 15.00 0.50
5 0.00 20.00 0.00

[Turn over

M34
M35
M36
M37
M38
M39
M40
M41
M42
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Qualitative Analysis Notes

[ppt. = precipitate]

(a) Reactions of aqueous cations

reaction with
cation
NaOH(aq) NHs(aq)
aluminium, white ppt. white ppt.
AP*(aq) soluble in excess insoluble in excess
ammaonium, . . _
NH*(aq) ammonia produced on heating
barium, . .
Ba?*(aq) no ppt. (if reagents are pure) no ppt.
Mmm_m_m_m_”_v white ppt. with high [Ca?*(aq)] no ppt.
chromium(ar), m%_w%“_wﬂmwwm < grey-green ppt.
Cr*(aq) o . insoluble in excess
giving dark green solution

blue ppt.
copper(Il), pale blue ppt. :

74 : } soluble in excess
Cu*™aaq), insoluble in excess giving dark blue solution
iron(iz), green ppt. green ppt.
Fe?(aq) insoluble in excess insoluble in excess
fron(II), red-brown ppt. red-brown ppt.
Fe?*(aq) insoluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg®*(aq) insoluble in excess insoluble in excess
manganese(I), off-white ppt. off-white ppt.
Mn?(aq) insoluble in excess insoluble in excess
zinc, white ppt. white ppt.

Zn**(aq) soluble in excess soluble in excess

198~-d9
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2022 PU3 H2 Chemistry EOQY Paper 4 Mark Scheme

Question

Answer

Marks

2(a)

Table with correct headers and units
* volumes of FA 5, FA 6 and deionised water
o time
o 1t
o g (1)
e g (Vras)

M14

Record all data with correct precision
e volumes to 0.5 cm?
e tto nearest second
e calculated values to 3 sf

M15

Complete set of volume of FA § and time readings for 5
experiments and alt values of t increase as volume of FA 5
decreases. Data for experiments 1 and 2 must be included

M16

Choose 3 other well-spaced values for the volume of FA 5.
All volumes must differ by at least 5 cm?

M17

Correctly calculate 1/, Ig (1/t) and Ig (Veas) values for all stated
experiments.

M18

b))

Axes correct way round, with correct labels and appropriate
scale. Scale must be chosen so that plotted points occupy at
least half the graph grid in both x and y directions

L

Both accepted, must be in logical numerical sense

M19

Al plotted points correct to within £ 7 small square

M20

A best fit line is drawn with anomalous points excluded

M21

(b)i

=:

Correct calculation of gradient of the graph with working
shown. The m value is equal to the gradient of the line

Must show accurate coordinates falling on the line or triangie or
best both

M22

Question Answer Marks
1(a) All masses consistently recorded to 2 (or 3) decimal places. M1
and
correct mass headers
Mass of bottle + FA 1
Mass of bottle + residual of FA 1
Mass of FA 1
Mass of empty bottie
Mass of bottle + FA |
Mass of FA 1
*Inform students to be always reminded to weigh residual mass
Mass of FA 1 used correctly calculated M2
Mass of FA 1 used 5.00 £0.05
(b)(i) A table including the appropriate header and units for: M3
e Initial burette readings
¢ Final burette readings
+_volume added
All accurate burette readings are recorded to the nearest| M4
0.05 cm?3,
Do not award this mark if:
50.00cm? is used as an initial burette reading
Accuracy M5
Titre/mass ratio: 4.05 + 0.50
(b)(ii) Correct caiculation of the average of two consistent readings M6
within 0.10 cm?® difference
(c)(i) amount of I = 0.5 (ans from b(ii)/1000) x 0.10 = A mol M7
(i) amount of Cu?* in 25.0 cm® = A x 2 =B mol M8
(iii) amount of CuS04.nHz0 in 250 cm?® = 10 x B = C mol Mo
(iv) Mr=massof FA1/C=D M10
Must be 1dp, will affect M27
n=(D-159.6)/18.0 M11
n must be an integer
(d) Due to the slow release of Is- from the starch-l5” complex, the M12
end point would have exceeded the equivalence point,
resulting in a larger titre value.
This leads to larger amount of CuSQ..nH.0 hence the Mr M13

would have been smaller than the actual value.

OR

The I, is trapped by the starch complex and hence resulting
in less I3~ a smaller titre value

This leads to a smaller amount of CuSO4 and hence Mr will be
larger

(©

e Correct calculation of Ig(1/15) =—1.18

e Correct reading of Ig(Vea s) value from graph to within %%
small square.

s Correct calculation of volume of FA 5 using value for

1g(Veas)

[2] for all 3 points correct
[1] for 2 points correct

M23
M24

(@

Selects Experiment 1 and explains that time, t, is smallest
value and so has greatest % error

Says that reaction time is fastest and hence it is the most
significant

OR

M25

698-~d9
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Question Answer Marks
4(a) 1m for each box M43 to M50
(b) cation: Cu®* M51
anion: CI- or SO M52
equation: 2AgNOs(aq) + CuCl(ag) — Cu(NOs)x(aq) + | M53
2AgCl(s)
OR
2AgNOs(aq) + CuSOs(aq) — Cu(NOz); + AgaSOa(s)
Can accept ionic equation
(c) Redox M54
Not displacement
d) reducing agent M55

5
4 observations observations
with FA 8 with FA 9

@) |Add 1 com® of diute Cream / Off-white ppt is
hydrochioric acid to % | solution is observed. observed (optional)
spatula of the solid sample in Yellow ppt / solid is formed on
a test tube. .

warming:

(No need to test for SO2)
FYl:

N2,8,0; + 2HCI > 2NaCl +5 .VmO» H0

(i) | Add 2 cm?® of silver nitrate A white / yellow ppt and
solution to % spatula of the | formed. eventually forms black /
solid sample in a test tube. brown ppt.

If need be, filter the resultant

mixtures. Do not accept red-brown ppt
Do not accept brown solution
Can accept eventually brown
ppt

(iii) | Add 1 cm® of potassium | Awhite/cream pptis formed | A colouriess solufion is
fodide solution to 2 spatula of | i, brown solution. formed.
the solid sample in a test )
tube. FYL:

If need be, filter the resultant wmmm_u *+ 4Kl — 2Cul + 1, +
mixtures.

(iv) | Add 1 cm? of aqueous iodine Brown solution decolourises.
to 2 spatula of the solid Something to the extent of
sample in a test tube. decolourisation

(v) | Add 1 cm® of deionised water | Blue solution is formed.
to % spatula of the solid
sample in a test tube. Blue ppt formed.

To this resultant solution, add | TPt Saluble in excess NH(aq)
R forming a dark blue solution
aqueous ammonia slowly,
with shaking, until no further
change is seen.
[Turn over
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Technetium (Tc) is a second row transition element that does not occur naturally on Earth.
One of its isotopes has 56 neutrons.

What is the nucleon number of this isotope?

A 43 B 56 c 99 D 112

Which row has the greater number of particles?

1 mol of liquid sulfuric acid
12000 cm?® of oxygen gas at s.t.p.
32.5 g of zinc

o o0 o >»

16 g of nitrogen gas

Which species will have the smallest deflection when passed through the same electric field?

A Nmzm* B .:mw+ [od Aw—nl D wmmmy

0.0353 g of a sample of volatile organic compound was completely vaporized at 50 kPa and
300K. The vapour occupied a volume of 40 cm3. On complete combustion in excess oxygen,
80 cm® of carbon dioxide and 80 cm? of water vapour were formed. Al gaseous volumes
were measured under identical conditions.

What would be the molecular formula of the compound?

C2H4,O c

A CiHhO B C2HsO D Cits

Which species has the most number of unpaired electrons?

A Co* B N C Fe D S

Rubidium and bromine form ions that are isoelectronic.

1 lonic radius of rubidium is smaller than its atomic radius.
2 lonic radius of bromine is larger than its atomic radius.
3 lonic radius of bromine is smaller than that of rubidium.

Which statements are correct?

A 1,2and 3 B 1and 2 only (o3 1 and 3 only D 2 and 3 only

NJC/H2 Chem Preliminary Examination/01/2022
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13

Nitrogen and hydrogen form ammonia in an exothermic reaction. The rate and yield of the
reaction can be altered by changing the experimental conditions.

Which row correctly describes the effect of the changes in condition?

effects
change in condition L rate of forward rate of backward
equitibrium yield reaction reaction
increasing d . .
ecreas increases increases
1 temperature creases e
increasing . .
increa decreases increases
2 temperature nereases
3 addition of catalyst increases increases no effect
4 addition of catalyst no effect increases increases

A 1 and 4 only B 2 and 4 only C 2and3only D 1 and 3 only

Four solutions, each of concentration 0.1 mol dm-3, were tested with a pH meter. The results
are shown.

solution pH
CH3CO.H 4
HNO3 1
CH3NH; 11

NaOH 14

Which statement is incorrect?

Conjugate base of CHiCO2H is less stable than that of HNO;.
HNO; has a lower pH than CHsCO-H because it is more soluble.

NaOH has a higher concentration of hydroxide ions in solution than CHsNH,.

o o w »

Mixing equal volume of CH3NH; and HNO; form a solution with pH less than 7.

NJC/H2 Chem Preliminary Examination/01/2022 [Turn over

14

16

16

Solid calcium hypochlorite pellets, Ca(C/O)(s), are added to swimming poois to form
HCIO(aq) which kills disease-causing bacteria and algae.

Ca(ClO)(s) = Ca*'(aq) + 2CIO(aq)

ClO™(aq) + H0() = HCIO(aqg) + OH(aq)

What is the effect on the solubility of calcium hypochiorite and bacterial growth when pH
increases?

effect on solubility of calcium hypochlorite effect on bacterial growth
A decreases increases
B decreases decreases
[ increases increases
D increases decreases

A mixture of two oxides of period 3 elements is added to water and the resultant solution has
a pH value below 7.

What could be the constituents of the mixture?

Al0; and MgO
Na20 and MgO
NazO and P44
S0z and P4O1o

O 0 >

Anhydrous magnesium nitrate, Mg(NOs)., decomposes when heated, giving a white solid
and a mixture of two gases, D and E. E is oxygen.

mass of D released "
mass of E released ~

What is the ratio of

1 1 1

A — B P
0.174 0.267 0.348 343

NJC/H2 Chem Preliminary Examination/01/2022
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22

Fe?" ion forms a red octahedral complex with ortho-phenanthroline molecules. Various
samples containing different volumes of 1 x 10 mol dm~ Fe?* and 3 x 10-% mo! dm™ ortho-
phenanthroline were prepared. The following graph was obtained when the colour intensity
of the samples was measured using a colorimeter.

Absorbance
Y

0 2 4 6 8 10 12 14 16 18 20 yo o Fe® solution om?

20 18 16 14 12 10 8 6 4 2 0
Vol. of ortho-phenanthroline solution/ em?

Which statement about the complex ion is correct?

The complex ion absorbs red light.
The overall charge of the complex ion is —4.

The co-ordination number of the Fe?* ion is 3.

0O w »

Ortho-phenanthroline is a bidentate figand.

One molecule of dodecane, Ci2Hzs, is cracked to produce three products, R, S and T.
R is a straight chain alkane. § and T are straight chain alkenes with different M, values.

Which statements about R, S and T are correct?

1 if  and T are but-1-ene and ethene respectively, R will be hexane.
2 If Ris butane, only one, either S or T, exhibits cis-trans isomerism.

3 R could be octane.

A 1,2and3 B  1and2only C  2and 3only D 1only

NJC/H2 Chem Preliminary Examination/01/2022 [Turn over
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24

10

Adrenalin is a stimulant produced in the adrenal glands. It has the following structure.

HO
H H

_ !
HO G~ CHy—N—CHj
OH

Which statement about adrenalin is correct?

One mole of adrenalin can only react with cne mole of ethanoyl chioride.
One mole of adrenalin reacts with two moles of hydrogen chloride.

It gives effervescence with potassium carbonate.

O 0o w »

It reacts with ethanoic acid to form amide.

The following compounds are found in essential oils extracted from herbs and spices.

CH30
oy
HO n_wIOHOIN
H
Eugenol
H HH CH HHHC
HeC. V1 1 72 o, 1T Ohs
\OHOIOIOIOIOHOIN \OHOIOIOIOHOIOINOI
HaC I I | HC [ |
3 H H OHH 3 H H H
Linalool Geraniol

Which statement is incorrect?

Both Linaloo! and Geraniol exhibit sterecisomerism.
One mole of Eugenol reacts with at least two moles of Brs in the absence of light.

Linalool gives yellow precipitate with warm alkaline L(aq).

o 0O o »

Geraniol decolorises cold acidified KMnO,.

NJC/H2 Chem Preliminary Examination/01/2022
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13 14

30 Heptapeptide X contains seven amino acid residues. When X is partially hydrolysed, the following

28 The following compounds were treated with hot acidified KMnO,4 (aq). dipeptide and tripeptide fragments are produced

Which compound gives an organic product that is different from the other three?

A CH3COCI H OII
N COzH
B CH;CH,0COCHs I%\Jﬂ /j 2 N N _CO.H
2
- (o]
c CH3CH=CHOH o) NH,
D CHaCH2COOCHS;
OH
29 Amino acid Y has three pK, values given below: H 0 Z\m Z\ﬁ:\ H
/\F N _COyH
N H
Hz COzH Hp CO,H 2
o H o m/
NH e H
2 N COzH
amino acid Y Hy ~
(0]
a-carboxyl group a-~-amino group Side chain
pKa 2.15 9.16 10.67 Which of the four heptapeptides on page 15 is the formula of X?

What is the net charge of the predominant species of amino acid Y at pH 77

A +2 B +1 cC 0 D

NJC/H2 Chem Preliminary Examination/01/2022
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