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Using numbers only, state the:

i -

(a) percentage of oxygen in clean, dryair .. 2 Ry /S [1]
(b) typical operating temperature, in °C, used in the Haber process ... Q.;a.’.a ........... [1]
Ezothumlc r(:encilom cz;ﬁzoo aiwv T=4s0%
34, 2NHy(9 row n ure o
(c) num )e? 0 a’oms In a diatomic molecule e “fx:..o:.-f ..... b 2 [1]
. 2 atoms v one moletule
(d) maximum number of electrons in the second electron shell of an atom ...... B, 11
First shed = 2¢~ Second shell = 8¢~
(e) number of hydrogen atoms in an alkane with 7 carbon atoms Ab 1
22
(f) number of particles in one mole, in standard form. é-ﬂﬂXlD 11
v .
General formula of Alkane t Cpby, . PR [Motal: 6]
(n = no.of (arbous) Cy H), Qgadro =om

2 This question is about ionic compounds.

(a) State what is meant by the term ionic bond.

............. lonic. bond...is. .defined. axstr? electroctalic. . attraction

........ betwmm......appautzly...dwyzd ioys.. (formed.. bd:im:: : m':t‘::)l/

(b) Potassium sulfide, K, S, is an ionic compound.
Complete the dot-and-cross diagram in Fig. 2.1 of the ions in potassium sulfide.

Show the charges on the ions.

— —tL —-2 —+4

Protow number 5 Proton, , Fig. 2.1

19 ' b i bee 3]
39 32

No-6f Protons =! No. 6f eleekrons www.mathtonic.com
19 electronc 16 electroys

Electronic @ﬂtf'\'j““‘t’b"’ Electronc Aonjndurat:on,
ces@ | s @

Pttt Gguig & 7| Sl e
don‘t Ons. eleck o™ 0‘;::'2 be tome. Complete Cel.

g: viv a cha:yz 288
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(c) lonic compounds form giant ionic lattices. WWW. mathtonic. com

i ig. 2.2 shows part of the giant ionic lattice structure of sodium chloride.
(i) Fig.2.2sh rt of the giant ionic lattice struct f sodi hlorid
Complete the diagram in Fig. 2.2 to show the ions present. Use ‘+’ for sodium ions
and ‘—’ for chloride ions. One chloride ion has been completed for you.
[quaﬁn wel] be abtracied
t; poscilive
Draw ofpoy'-tc charju
Catiow 5 COMMJ % M\J
Any aton donate € - jrms s oMj
. Positive ion
Aniont *
w ofow Netives €~ Jorm Fig. 2.2
rgative fow [2]
(ii) State the name given to any positive ion.
........ COMLONS ...t ssee s [1]

(d) lonic compounds can be decomposed by the passage of an electric current using inert
electrodes. Electrolysis /s o process in whick o molten foniC. Csmpourdl

(i)

(i)

(iii)

I © UCLES 2025

s broKen down ba an electric Current.
State the name of this process.

..Eledm\lyxz’.c ............................................................................................................. [1]

Write the ionic half-equation for the reaction which takes place at the anode when
molten potassium bromide, KBr, is decomposed by the passage of an electric current.

Name the products and state the observations at the negative and positive electrodes
when dilute aqueous potassium bromide, KBr, is decomposed by the passage of an
electric current.

product at the negative electrode

observations at the positive electrode

o COLORIRES DUBBIRA ...

[5]
[Total: 16]
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The halogens are a group of elements in the Periodic Table.

4

Chlorine is a member of this group.

(a) State the group number of the halogens.
............... 51raupl_/116/roup7- [1]
(b) State how many halogens there are in this group.

................. LT ]

(c) Suggest the identity of the halogen which: (densify intreases)
(i) has the highest density 4‘ the element joa daww the ‘?rouf) itjd: heavier
..... T.s...:..Temo..ss.im....?...bntto.m.o{..fzhc.ﬂmup........................................................ [1]

(i) is the most reactive. /]s Re element moves up e J""‘f it & more reactive.

.....l.-‘.lau.mfm....:z...t»p..af..m..immp .................................................................. [1]

(d) State the name of the negative ions (anions) formed by halogens.

............... BAUA@S. ... [1]
(e) State how many occupied electron shells there are in a bromine atom.
......... anf?............................(bmm‘m.o.tz.?m..t’s.PIacmb..in.PulaeLH.,.az&?cA/... [1]

mns  (t has four Challe 'that oce electron

(f) Name the noble gas which has the same electronic configuratior as a Br~ iorf.

....... T A 4y N )

(9) Aqueous chlorine, Cl,, reacts with aqueous potassium iodide, KI.
One of the products formed is iodine, L,.

(i) Complete and balance the ionic equation for the reaction between CI, and I~ ions.
State symbols are not required.

Cl,+ 2.1 > .2LL... +1,
(2]

(ii) Explain why this reaction is defined as a redox reaction.

Give your answer in terms of electron transfer.

.Oxidadion. ond...ve.duction. taKes. place. ab the Some fime.........

Chlorine. gaint. electron. ancl.. is reduced...and.. Todide Tons......... 2]
lote electrons and are oxidised.

(h) Give the colour and state of iodine at room temperature and pressure.

& 2 | Physitad Stale | Colow
colour .....611.&\7.‘.‘..&1&&&, .............................................. ! MI_(RPOM""“EA_(RWMTW)

Flourine Gas Y allow
OO 1< 1 - K Chloyine Gas Green.

Bromine Lu‘gw‘g[ Red - bro*{'ﬁ
Ndine Solid Grey-Rlaw

Total: 13]
| © UCLES 2025 @ 0620/42/F/M/25 rmé
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(kcvcrubh.
CO(qg) + Clz(g) = COCl,(9)

> www.mathtonic. conrl_I

Carbonyl chloride, COCl,, is manufactured by reacting carbon monoxide with chlorine.

AH =-105 kJ/mol

Negetive Symbol (ndicet & that~
( Exo thermic read.mo

forward. reaction is & exotharmic. Peaction -
The process takes place in a closed system, and an equilibrium is reached.

The conditions for this process are 200°C and 200 kPa.

(a) Explain what is meant by the term closed system.

(b)

............. Enﬁd.’a”....chanae.

(c)

................... AH. value..is. he\.,«b ve.

(d)

...... T.10%... K3 [ ma]

(e)

State what the symbol AH represents. ( L‘ntlvtty éh
or. out. of tha Syrtem. during

State how the value of AH shows that the forward reaction is exothermic.

when the following changes to the conditions are applied.

whew Cata{vlst is

IS tha heant- thats passe iz’
‘”'“4*'0) [1]

Deduce the value of AH for the reverse reaction. Include a sign in your answer.
If g‘orwrd. ruuh’om [s exo tmm

Complete Table 4.1 to show the effect, if any, on the concentration of COCI,(g) at equilibrium

oddedo, oMY p—u
Ratz of yeactiory

(sped) ey ess

Q9.

Use only the words increases, decreases or no change. Product o}
reaction
Table 4.1
" effect on the concentration of | Ppe/'tion o,
change to conditions COC1,(g) at equilibrium P £ 'I[ib;:)fahv
the temperature is increased decreas s .S}V'ft.( left
some CO is added Ine reeses < h‘fh n‘?“r
the pressure is increased Increases S}\‘ﬁr Hﬁﬁr
1‘ this Cue.
a catalyst is added N No € Jf(d Endotherm
(0] Chaﬂj& reaction, IS mgmvd
g "o

# NOTES §

Increas;

foxoure

(ncresss
o Posito

© UCLES 2025

7

Intveasi ien‘fu‘dum Jonourt the endothermic “reaction .
So ,Dosd'iow of qwlhbnlm

5,7 lonwenteration oj reactorts
the formation of more
o Posttion of e.zw’llién'um Shifs o v \'7“- to

products

reaction.

Veart andi .

pmsurc,faw ure e stde wtfkjewu mole of

of Eq,luildmm Shifls & Sice with fawer mola

0620/42/FIM/25
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(f) The equation for the reaction can be represented as shown in Fig. 4.1.

Cl\
C=0 + Cl—Cl = C==0 AH =-105kdJ/mol
c1”
Fig. 4.1
Table 4.2 shows some bond energies.
Table 4.2
bond C=0 | CI-C1| C-CI

bond energy in kdJ/mol 1075 240 340

Use the bond energies in Table 4.2 and the value of AH for the reaction to calculate the
bond energy, in kd/mol, of the C=0 bond.

Use the following steps.

*  Calculate the energy needed to break the bonds in the reactants.

1078 + 240 = 1315

e Calculate the energy released when the bonds in carbonyl chloride form.

1218 — (~105) m
RO Y. FA VU E "N A .\ & 20...... kJ

*  Calculate the bond energy of the C=0 bond.
Z [(.‘-—(.‘,L) + 1((2::0) = 1420
(-x340) + 2(c=9 =lh20

C=0) = llpo— 680 = tho. .. mo
Energy C 0) 20 4 kJ/ [3]|

Cl
L OIN

C=0 + CI—CI ¥ y =0 AH =-105kJ/mol
Cl

Bond Prokenw — Bond formes = AH

Bond Broken, —AH
= 1315 (-10S) = 420 k]

Bond. Formed.

I

s www.mathtonic.coml
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(g) Complete the dot-and-cross diagram in Fig. 4.2 of a molecule of carbonyl chloride.

Show outer shell electrons only. Electronic COV\;H\?IAV‘M"ION
o need le”
Ct: 2 8 [#« & be stable

2 Lf‘_ Need He™
2 be need 2€

¢

Fig. 4.2

[3]

[Total: 14]
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Manganese is the element with atomic number 25 in the Periodic Table.
Calcium is the element with atomic number 20 in the Periodic Table.

(a) Complete Table 5.1 to show the number of protons, neutrons and electrons in the 5Mn atom
and the 42Ca?* ion.

\ ¢ www.mathtonic.com]

Table 5.1 R
° DOV\
Aomic Numbey = Proton ne- -
55Mn | 42Cg2*
5%
[ Mn protons Ac )
Nucleow = P+n neutrons | 95 =S f2.-20

=30 |= 22

electrons | 2& /8

[3]

(b) Manganese forms several oxides. The formulae of some of these oxides are shown.
L) 18 iw transtion

MnO

Tronsiiow Element Propestit Mn,0,
# Different OXMAtl'ow Numbegy Mn,O,
# Acts o3 a lat MnO,

# B gh Melbing potite ML high, oles itiea i 0.
* can form Coloured oxidu -

(i) Suggest why manganese is expected to form coloured oxides.

(ii) State which other property of manganese is shown by the formation of several oxides.

................ D,ffwut Oxidation. Nwmbes.............ooooo 1]
0i dation No- of Mn. is @ @
(iii) State the formula of manganese(Il) oxide. 2* My=~._ 0°

....... MnOMn‘iO,j_ [1]

(A:HM S’'np QJQ l?%
(¢) Mn;0O, is found in an oré of*manganese. Manganese metal can be extracted from Mn,;O,

usmg alumlnlum as the reducing agent.

(i) Define the term reducing agent.

deumﬂ ajmt' e 6. SubStonce. that Cames. another. Substance. 2o be
reduced... A rulucm’ 07“1.’ 65 Lbsedf. . oxidised.. (a‘ loses......... 2]

elecérou.!
(ii) Complete the symbol equation by inserting the formula of the mlssmg roduct and

balancing the equation. f

3. .Mn0, +8.Al > !f..A-.lz.oé ....... + 9. mn

| © UCLES 2025
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(d) MnO, reacts with dilute hydrochloric acid as shown in the equation.

MnO, + 4HCI — MnCl, + 2H,0 + C,

(i) Calculate the volume of chlorine gas formed, in cm3, at r.t.p. when excess MnO,, reacts

with 50.0 cm?® of 0.200 mol/dm3 HCL. /_\
5o i cox 1 dm®
Use the following steps. (o000

. Calculate the number of moles of HCI used.

Concent ration = ot = Mol = Contantvation X volme

volume
- 0.3 Mol x 0.0C
dm3 0:601... .. mol

Determine the number of moles of C1, formed.

L yet
0.0l HelL —> ”3’ el

DDDJS_ ......... mol
Calculate the volume of Cl, formed.
Volume = mol X 24dm3
= 0. 0035 x 24 dm®

= 0-b6dm3 é
3
= 0- 6% 1000 cm3 R O..... cr[r;]

(ii) Describe a test for chlorine gas.

{658 oo Damp.. blue. Jitmus.paper...........ooccc.
observations .................. B]Zﬁthed. ..............................................................................
[1]

(iii) Explain, in terms of collision theory, why decreasing the temperature decreases the rate
of this reaction.

............... .D.Zcrwmy...ﬂa. tom mmtuw
..... 4. Redutes. Hhe.. Kiratic.. Ener fﬁa orticles:....
#.. farticles. move. more. slow a/sd. Calhdu less. ‘freiwt?
% Ezwm...pamﬁclu hawe.. He' activotion. Enzrg; ..........
. Tharefore..,. fenen. Sukesfid. Collision.........0......

[Total: 17]
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The structural formulae of two compounds, A and B, are shown! ”W c3 H'L

— Gy GHy C4 Hg

A B
CH,=CHCH, | CHyCH=CHCH,
{ I

A and B are members of the same homologous series.

(a) Give two reasons why the structural formulae of A and B show they are members of the
same homologous series.

. Sam&...ﬁncrk{om..j_mup ................................................................................

....... Some... POL AOYULO ...
2 gzmr jomwx 5

(b) Explain why A and B are both hydrocarbons.

JA— 2 C3 He.. .90, ... r_—.?.écoz...-réu o W 2]
," (d) Deduce the empirical formula of A.
P L O S SOOI [1]
E (e) Name compound B.
b, Butene........... Ov.. Bubk=2-@ne ... [1]
l‘.‘ (f) A structural isomer of B is a member of the same homologous series.
l“ Draw the displayed formula of this structural isomer of B.
\“ » ”
wo_ A !
\ —C-C =C—-C—+H
N [ I
H H H H

[1]

Por intomplets Combution

9\—3;0 1 #,0

Car bon Monroxide

X + 0

| © UCLES 2025 @ 0620/42/F/M/25 I
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(g) Compound B reacts with aqueous bromine at room temperature to form product C.
The equation is shown.

B Cc
CH,CH=CHCH, + Br, - CH,CHBrCHBICH,

(i) State why this is an addition reaction.
) (ii) Describe the colour change in aqueous bromine during this reaction.

a from .oevee.... anzz .......................... t0 cooveenen. Colorless. ... oo [1]

(h) Under certain conditions, one mole of B reacts with oxygen to form two moles of
carboxylic acid D.

Carboxylic acid D has two carbon atoms.

[1]

1
!
[
1]
I
!
I
|
]
]
[}
'
[}
]
!
]
!
]
[}
!
]
!
!
]
'
]
]
]
]
]
]
]
]
]
]
]
'
1
]
'
]
[}
1
[}
]
]
]
1
]
]
'
]
|
1
]
\

‘ [1]
‘\\‘ Ia[ ngN'M- wos V‘MD w;#v [Total: 14]
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