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2 Theelements in Group 17, the halogens, and their compounds, show many similarities and trends
in their properties. Some data are given for the elements fluorine fo iodine.

standard. . . )
element bc:,“kj s}r;rlm' G;H:Lprﬁl.g: :EIB - t;‘ I%l h::lirlrﬂu: aEicllin;;::a
_ AME [k mat* .
fluorine, F-F 158 79 85 203
chiorine,CI-C! | 242 | 121 238 188 |
bromine, Br-Br 193 112 332 206
iodine, -1 151 107 457 238

{a) (i} Explain the meaning of the term slandard enthaloy change of atomisation,
The enihalpy Change when one mole of dascous ..
otomns (5 Formed From its elements under Stondard

B )

(i) For fluorine and chiorine, the enthalpy changes of atomisation are half the value of the
bond ensrgiés.

For bromine and iodine, the enthalpy changes of atomisation are much maore than half the
value of the bond energies.

comditions. Thg giement Should be i 8 Shandovd State-

Suggest a reason for this difference.

_.E'n!-.lﬂ’.f_'!!'._@__...!?_t.ﬂﬂ.__ﬂhiﬂrj.\_‘!.!t_...!.:'.{.L..im...ﬂ%.mﬁ.i_...fﬂ.[.m._..ﬂ-ft...T!}!Rm.......,.
temp erodure - Hromine Ond iedine is o liguid and a

solid T .

Ges. Jespectively, Energy & needed 10 thange. daeir........ 11
Stodes.

(iii) The standard enthalpy of formation of loding maonochiorde, ICI, is =24.0 kJmoi.

Use this information and the bond energies of iedine and chlorine to calculate the I-CT
bond energy. Bonds formed

712 t30, = 1l EEa)=x
] \ - S9, 7185 HlR =% = -24
li-1 +id- 1-cL
2 2 “ = v 196.5 =% = -34

Hoz k.54 2y

B Bowds brolen oLorRA0.5 g

E{:_;I—l) = _1§iu =155

1-GIbend =..220:5  limor
E(0-0)= 241 213 sest “
2

2(a)(i)

2(a)(ii)

2(a)(iii)

2(b)(i)

2(b)(ii)

2(c)(i)
2(c](ii)
2(c)(iii)

2(c)(iv)

2(d)(i)

2(d|(ii)

4 Spﬂg‘e’t } MIDDLE Low
Your
Mark Q2 Mark scheme
(a)(i) enthalpy / energy / heat change when one mole of
gaseous atoms is produced [1]
from the element in its standard state [1]
under standard conditions [1]
[3]
(a)(ii) fluorine and chlorine are gases / bromine liquid and iodine solid
as AHat for bromine / iodine also includes changes of state [1]
(a)iii) | (%CL + %I, - IC)
AH, = (VzE(élz) + %E(L)) - E(IC) OR E(IC) = (161/2) + (242/2) + 24 [1]
E(IC) = (+) 220.5/ 221 [1]
[2]
(b)(i) stronger / more / greater id—id / London / dispersion forces [1]
due to increasing numbers of electrons [1]
[2]
(b)(ii) (intermolecular forces in HF are) hydrogen bonds [1]
(which are) stronger (than vdW) / more energy needed to
separate molecules [1]
OR
HF much more polar / F much more electronegative [1]
Intermolecular forces in HF stronger (than in HC, HBr, [1]
HI) [2]
(c)(i) P = iodine /I, /I; @ = chlorine / CL, / C1 [1]
(c)(ii) weaker H-P than H-Q bond ORA / easier /less energy to break
H-P than H-Q ORA [1]
due to greater distance / shielding of nucleus from bond pair ORA [1]
[2]
(c)(iii) 2HP (or 2HI) > (or ) H, + P, (or L) [1]
(c)iv) | Ag*(aqg) + Q-(aq) (or CI-) - AgQ(s) (or AgCl(s)) [1]
AgQl(s) / AgClls) + NH,(aq) - AgINH,),*(ag) + Q-(aq) / Cl-(aq) B}
(d)(i) no of Clincreases by one each time / matches group number [1]
due to increasing number of valence/outer(most/shell)
electrons / oxidation number / valency (of Mg, AL, Si) [1]
[2]
(d)(i) | MgCL (+aq) > Mg?* + 2CL- 0]
ALCL + 6H,0 - AlH,0) % + 3CL~/ AlH,0),(OH)?* + H* + 3CL~ [1]
SiCl, + 2H,0 > SiO, + 4H+ + 4ci- F%
3
[Total:21]
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(B) (1) _ Explain the trend in the boiling points.of the hydrogen halides, HCJ, HBr and HIL
Mumber of elelhons Wncreases from MU &HBr 4HI,
S0 Strengt of von dir woals Wmoeeses from 0
VAL to MI Greater energy (S Weeded o overcome

e Hve s 12}

(i) Suggest why tha hydrogen halide HF does not follow the trend in boiling points shown by
HCE, HEr and HI.

LHuenne . is. more  elethrome, s}ﬁx@...,jh.__mﬂ..__hgdrg&e.ﬁ._-_..%b.__..
HE has hydvogen bonds between the molecules » Hydroge,

Donds ave Stovaer than van der wools and greater p

' “E','ir"-'"e":-rﬁ-j is netded . 4o
Ow Ry Leanl .

() Inanexperiment, two.of the h'a[ogflms are represented as P, and'Q@,.

Py combines with hydrogen on heating to form HP, which can be easlly broken down into its
elameants. A solution of HP in water reacts with aqueous silver ions to form a yallow pracipitate
that is inscluble in dilute agueous ammonia. e —

Q.. combings. explosively with hydregen in_sunlight to form HQ, which is stable to heat. A
solution of HQ in water reacts with aqueous sliver lons to form a white precipitate that Is saluble
in dilute aguecus ammonia.

(i) Menfify the halogens P, and Q,.

b= dodine [Ta o Chievine [Slz
. [

{ii) HP readily decomposes inlo its elements when heated but HQ is stable to hesat,
Explain this with reference to bond energies.

HF bond lengtn is Qeects groafer dnan bond.length...
O R0 30, Haf hos boed energy o3 299 kmel .
which Is Vess Wan bond energy of H-8 (43) kimop!

2]
(i) Write an equation for the thermal decompasition of HP.

2(a)(i)

2(a)(ii)

2(a)(iii)

2(b)(i)

2(b)(ii)

2(c)(i)
2(c)(ii)
2(c)(iii)

2(c)(iv)

2(d)(i)

2(d)(ii)

Select
page

)

MIDDLE Low

Your
Mark Q2 Mark scheme
(a)(i) enthalpy / energy / heat change when one mole of
gaseous atoms is produced [1]
from the element in its standard state [1]
under standard conditions [1]
[3]
(a)(ii) fluorine and chlorine are gases / bromine liquid and iodine solid
as AHat for bromine / iodine also includes changes of state [1]
(a)iii) | (%CL + %I, - IC)
AH, = (VzE(élz) + %E(L)) - E(IC) OR E(IC) = (161/2) + (242/2) + 24 [1]
E(IC) = (+) 220.5/ 221 [1]
[2]
(b)(i) stronger / more / greater id—id / London / dispersion forces [1]
due to increasing numbers of electrons [1]
[2]
(b)(ii) (intermolecular forces in HF are) hydrogen bonds [1]
(which are) stronger (than vdW) / more energy needed to
separate molecules [1]
OR
HF much more polar / F much more electronegative [1]
Intermolecular forces in HF stronger (than in HC, HBr, [1]
HI) [2]
(c)(i) P =iodine /I, /I; Q = chlorine / CL,/ Cl [1]
(c)(ii) weaker H-P than H-Q bond ORA / easier /less energy to break
H-P than H-Q ORA [1]
due to greater distance / shielding of nucleus from bond pair ORA [1]
[2]
(c)(iii) 2HP (or 2HI) > (or ) H, + P, (or L) [1]
(c)iv) | Ag*(aqg) + Q-(aq) (or CI-) - AgQ(s) (or AgCl(s)) [1]
AgQl(s) / AgClls) + NH,(aq) - AgINH,),*(ag) + Q-(aq) / Cl-(aq) B}
(d)(i) no of Clincreases by one each time / matches group number [1]
due to increasing number of valence/outer(most/shell)
electrons / oxidation number / valency (of Mg, AL, Si) [1]
[2]
(d)(i) | MgCL (+aq) > Mg?* + 2CL- 0]
ALCL + 6H,0 - AlH,0) % + 3CL~/ AlH,0),(OH)?* + H* + 3CL~ [1]
SiCl, + 2H,0 > SiO, + 4H+ + 4ci- F%
3
[Total:21]
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COMMENTS SCHEME




Select
4 page } MIDDLE LowW
{iv) Write icnig éguations, including state symbols, for
1. the formation of the while precipilale on asudition ol agueows silver oS L ayueous
HQ, Your
Aot + 'f.‘.l* —> Bqu Mark (0 Mark scheme
3 {N“ .mk'} E] ﬁﬁ'} (a)i) enthalpy / energy / heat change when one mole of
RPTRT 2(a)(i) gaseous atoms is produced [1]
2. the subsequent dissolving of this precipitate in dilute aqueous am“la-lr ' from the element in its standard state [11
4] ¥ (o + O Hs =& — n ;‘:u Hade under standard conditions [1]
1%@»3{33{%)[2] o
2(a)(ii) (a)(ii) fluorine and chlorine are gases / bromine liquid and iodine solid
{d} Chlorine rescts dirctly with many slemants fa form chlsrides. Three such compounds are as AHat for bromine / iodine also includes changes of state [1]
g CL, AIGT,; and SICT,. . 2(a)(iii) (a)(iii) VzClz + %L > ICD
o St and odil ae i o » i i = (E élz + %E(L)) - E(IC) OR E(IC) = (161/2) + (242/2) + 24 [1]
and explain rm shown e formulae of these three ¢ es.
; palllo (ICl) (+) 220.5/ 221 [1]
Mumber of Chloving Qlgms h oo b0 ionic compound, . [21
. : . . (b)(i) stronger / more / greater id-id / London / dispersion forces [1]
mtlEﬁH,ﬁ‘ %m‘m Mﬁ_ﬂ Z .h" ELC.I4 d““ nmdfd’mn Hﬁ._i:t. 2(b)(i) due to increasing numbers of electrons [1]
increns LS ﬁu:'m Mt} 10 8085, more Chloving adoms - 2]
e Weedea % Gain e sistions | (M) | fntormoloeuar forcesyn HF et bydroger bonce
+H which are) stronger (than v more energy needed to
(i) Wite equations to shaw the behaviour of each of these:chiorides when added to water. 2(b)(ii) separate molecuine (1
; B8 = Mallz v 0a, = Ma?t 1 9017 OR
e, = H 0} 3 LF?[ [H}O asf:;h T I} + 2(c)(i) HF much more polar / F much more electronegative [1]
AIGH; I{‘H lt a 51 _'} 5 ] o + H Intermolecular forces in HF stronger (than in HCI, HBr, P}
TN HI) 2
2” O I,. ‘i‘ Ll L] o
SiCl, . qu- +1H20 -Fa, e ‘1 i3] . 2(e)(ii) (c)(i) P = iodine /I, /I; @ = chlorine / CL, / C1 [1]
' . . 2(c)(iii c)ii weaker H-P than H-Q bond ORA / easier /less energy to break
[t 2500 (e)(iii) e -G GRA [1]
: due to greater distance / shielding of nucleus from bond pair ORA [1]
T 2(c)(iv) [2]
(c)(iii) 2HP (or 2HI) > (or ) H, + P, (or L) [1]
(c)iv) | Ag*(aqg) + Q-(aq) (or CI-) - AgQ(s) (or AgCl(s)) [1]
AgQl(s) / AgClls) + NH,(aq) - AgINH,),*(ag) + Q-(aq) / Cl-(aq) B}
(d)(i) no of Clincreases by one each time / matches group number [1]
due to increasing number of valence/outer(most/shell)
2(d)(i) electrons / oxidation number / valency (of Mg, AL, Si) B}
(d)(i) | MgCL (+aq) > Mg?* + 2CL- 0]
2(d)(ii) AICL + 6H,0 » AlH,0) >+ + 3CL~/ AlIH,0) (OH)** + H* + 3C1~ [1]
SICL + 2H,0 - SO, + 4H+ + 4CL- H
3
[Total:21]
EXAMINER MARK
COMMENTS SCHEME




2 The elements in Group 17, the halogens, and thalr compounds, show many similarities and trends
in their properties. Some data are given for the elements fluorine to iodine.

standard ) . )
element ﬂm_ﬂiﬂf a:;':;?“z:gg& b:[ﬂér;%ar;t t;:ir:gg;Eﬂ Illn:h?;a
AH3/kJmol- .
flucrine, F—F 158 78 : 85 208
chlorine, GI=Gi 242 121 238 . 188
bromine, Br-Br 193 i 112 ) 332 206
lodine, 1-1 151 107 457 238

(a} (i) Explain the meaning of the term standard enthalpy change of atomization.

(i} For fluorine and chioring, the enthalgy d'langas of alomisation are half the ualua of the
bond energias.

For bromipe and igdine, the enthalpy changes of atomisation are much more than half the
value.of the bond energies.

Suggest a reascn for this differencea.

{iii} The standard enthalpy of formation of lodine monochloride, ICL is —24.0kdmal-*,

Use this information and the bond energies of jodine and chlonne to calculate the -Cl

bond neray.” Iaﬂr '-'it']...‘*ﬂ QICF

L2+ Cly -—‘?a?_LCL
15+ b d —> I- .:Hggu) €14 242 — I—Q;(&q)

39%+A — I-f 1-A = y)7
T-C — 419

1-Cibond energy = .. Al T kImol® (2]

2(a)(i)

2(a)(ii)

2(a)(iii)

2(b)(i)

2(b)(ii)

2(c)(i)

2(c(ii)

2(c)(iii)

2(c)(iv)

2(d)(i)

2(d|(ii)

Select
page

Your
Mark

)

Q2
(a)(i)

MIDDLE Low

Mark scheme

enthalpy / energy / heat change when one mole of

gaseous atoms is produced [1]
from the element in its standard state [1]
under standard conditions [1]
[3]
(a)(ii) fluorine and chlorine are gases / bromine liquid and iodine solid
as AHat for bromine / iodine also includes changes of state [1]
(a)(iii) 1/201z + %I > ICD
= (KE (7312 + %E(L)) - E(IC) OR E(IC) = (161/2) + (242/2) + 24 [1]
(ICl) (+) 220.5/ 221 [1]
[2]
(b)(i) stronger / more / greater id—id / London / dispersion forces [1]
due to increasing numbers of electrons [1]
[2]
(b)(ii) (intermolecular forces in HF are) hydrogen bonds [1]
(which are) stronger (than vdW) / more energy needed to
separate molecules [1]
OR
HF much more polar / F much more electronegative [1]
Intermolecular forces in HF stronger (than in HC, HBr, [1]
HI) [2]
(c)(i) P = iodine /I, /I; @ = chlorine / CL, / C1 [1]
(c)(ii) weaker H-P than H-Q bond ORA / easier /less energy to break
H-P than H-Q ORA [1]
due to greater distance / shielding of nucleus from bond pair ORA [1]
[2]
(c)(iii) 2HP (or 2HI) > (or ) H, + P, (or L) [1]
(c)iv) | Ag*(aqg) + Q-(aq) (or CI-) - AgQ(s) (or AgCl(s)) [1]
AgQl(s) / AgClls) + NH,(aq) - AgINH,),*(ag) + Q-(aq) / Cl-(aq) B}
(d)(i) no of Clincreases by one each time / matches group number [1]
due to increasing number of valence/outer(most/shell)
electrons / oxidation number / valency (of Mg, AL, Si) [1]
[2]
(d)(i) | MgCL (+aq) > Mg?* + 2CL- 0]
AICL + 6H,0 » AlH,0) >+ + 3CL~/ AlIH,0) (OH)** + H* + 3C1~ [1]
SICL + 2H,0 - SO, + 4H+ + 4CL- []
[3]
[Total:21]

EXAMINER MARK

COMMENTS SCHEME




< Sp‘;';‘e’t } MIDDLE Low

thj {iy Eﬁplain the trend in the boiling points of the hydrogen halides, HCI, HBr-and HL

Pﬁm&;mmﬁ‘ﬂm Hek o HI., an.

Your
membmv% 2ol 1) Mark Q2 Mark scheme
{ (a)(i) enthalpy / energy / heat change when one mole of
ag,’t!.dﬂ-ﬂ- pulﬂ-ﬂ' S gﬂ?’M«ﬁ- fﬂ%ﬁ% Qﬂa‘.‘! mare Cﬂk‘?}'[z] 2(a)(i) gaseous atoms is produced [1]
VR fernd TALAL ﬁv’ from the element in its standard state [11
] S-.rggastwm: the hydrogen halide HF does not follow the trend infboiling polnts shown by under standard conditions [11
HCI, HBr and HL. . 2( )() [3]
. a)(ii
H-—F..qﬂa.m N ?’r@@v &a‘:ttehph e,j ,aul;v-@( oﬁgffm (a)(ii) fquRorine and chlorine are gases / bromine liquid and iodine solid
m ,L{ FJ_ an, mﬁ& 2(a)(iii) as AHat for bromine / iodine also includes changes of state [1]
M (a)(iii) 1/zClz + %I, - IC)
- 2] = (KE (312 + %E(L)) - E(IC) OR E(IC) = (161/2) + (242/2) + 24 [1]
(ICl) (+) 220.5/ 221 [1]
" 2
{¢) In an experiment. two of the halogens are represented as P, and- Q, 21
(b)(i) stronger / more / greater id-id / London / dispersion forces [1]
"R, combines with hidrogen-ch heating to form HP, which can ba'sasily bmkﬂﬂ dewn Into its due to increasing numbers of electrons [1]
alame:nla..ﬂ-.mmhnnof HP in water reacts with aquenus mhlar ians o fom a yellow precipitate 2(b)(i) [2]
that is insoluble in dilute a uecUs ammonia. = - .
I I ; ' R (b)(ii) (intermolecular forces in HF are) hydrogen bonds [1]
Q, combines explasively with hydrogen in aunllght to form HQ, which is stable to heat. A 2(b)(ii) (Svgh;crgtaer% stronger (than vdW) / more energy needed to .
solution of HQ in water reacts with agueous silver lans to form a white precipitate that is soluble P
. in dilute dqoesis ammaornis. OR
. HF much more polar / F much more electronegative [1]
(i} tdertify the halagens P, and Q.. m)ermolecular forces in HF stronger (than in HCI, HBr, B}
. n_-. L ‘ . |y ; ) N ¥ _- hl . .
P, = elﬂftlﬂﬂ ORI « TS C DY e, 2(c)(i) ) P iodine /L, /L; Q = chlorine / CL / C1 1]

[1

{ily HP readily decomposes into its elements when heated but HQ is stable to heat. ()i} | weaker H-P than H-Q bond ORA / easier /less energy to break

acly des i 2(c)(ii) H-P than H-Q ORA [1]
Explain this with reference to bond energies. due to greater distance / shielding of nucleus from bond pair ORA [1]

HP s H-T.. crhued Aos The bond. enAgy. qu [2]

2(c)(iii)

KT el whieh (a Lowsen, Thous. Bomel omengy of (c)ii) | 2HP (or 2HD > for ) H, + P, (or L) g
=1 (c)iv) | Ag*(aqg) + Q-(aq) (or CI-) - AgQ(s) (or AgCl(s)) [1]

hktﬂ.,(i.H('«'—JM 18, 431 leTmsl: .. R0, HP e [2) 2(c)(iv) AgQ(s) / AgCIs) + NH(aq) - AgiNH.),“(aq) + Q-(ag) / Cl-ag) ~ [1]
hn_.._t' H-T hews lendes bond [2]

md—ﬁ-& s less
(i) Write an &quation for the thermal decomposition of HP. Leng M “thasan © H=CL.

2(d)(i) (d)(i) no of Clincreases by one each time / matches group number [1]
I 1 ! due to increasing number of valence/outer(most/shell)

tQI HI HR * ---- [ ] electrons / oxidation number/valency (of Mg' Al, Si) [11

[2]

i (d)(i) | MgCL (+aq) > Mg?* + 2CL- (]

2(d)(ii) AICL + 6H,0 - AlIH,0), > + 3CI-/ AIH,0)(OHj* + H* + 3C1~  [1]

SICL + 2H,0 - SO, + 4H+ + 4CL- H

3

[Total:21]

EXAMINER MARK
COMMENTS SCHEME




4 Spﬂg‘e’t } MIDDLE Low

Wl:i}rﬁrlié iﬁhﬁﬁiﬁﬁﬁns. including state symibals, for

. 1. the formation of the white prwpehﬂia on addition of aquecus ﬂlvar lum: to aguecus Your
Hq Mark Q2 Mark scheme
__________ ﬁ,l'.. A ﬁd L Aﬂlc (a)i) enthalpy / energy / heat change when one mole of
f_ﬂ, . 2(a)(i) gaseous atoms is produced [1]
L2 the suhsaquent digsolving of this pfec:pllate in dilute-aguesus ammania, from the element in its standard state {1}
\ : C s o under standard conditions 1
tAact. o Aag?
‘ Aff(ib__g,ﬁ»‘ia.a ,,,,,, CA 1[2] 2(a)ii) 3]
L3y .Caf:J oy v . (a)(ii) fluorine and chlorine are gases / bromine liquid and iodine solid
(d) Chlorine reacts di with many elsnfents do form chicrides. 'I'hre:e such compounde an 2(a)(iii) as AHat for bromine / iodine also includes changes of state [1]
HgC!z. h_!EE and SICI,, (a)(iii) 1/zClz + %I - ICl)
E— = (E 612 + %E(L)) - E(IC) OR E(IC) = (161/2) + (242/2) + 24 [1]
{i) State and &xplain the pattern shown byrheiormuiaa afﬂleseﬂ'u'eachlnrideg (ICl) (+) 220.5 /221 [1]
[2]
The. . mwomber..of...chloxing. . alems. .attashed : — ——
(b)(i) stronger / more / greater id—id / London / dispersion forces [1]
'fb ﬁi‘-‘ MEW@ InlheadeaYvomn. Mﬁ' ‘ﬁ:‘-‘ Sf due to increasing numbers of electrons [1]
The .,g‘_-,g 2(b)(i) 2]
h' 4 f:a gf"?{r dm’%ﬂdf;‘*nm ‘chm 12 (b)(ii) (intermolecular forces in HF are) hydrogen bonds [1]
() Wite q.la'l%i}n show the behmrlour of each of these ch 5 when added to water. 2(b)(ii) (svevggcrgtaeri)ﬁfégﬂ%ir (thn ve\W) /more energy needed to [11
woer, ... (N9 #2430 —s  Mgloda pRHCL oR
d ) ST . HF much more polar / F much more electronegative [1]
AlCl, ‘2 Afi ":-‘.!-!u ¥ B-Hzﬂ? _'ﬂ ; 'L-‘if..ghaa *. &HG&". X Intermolecular forces in HF stronger (than in HCZ, HBr, [1]
" HI) [2]
, B ",
SICH, ohot Sicly + 2H0 = . S :O;_-ri_fHCL[a] 2(c)(i) (c)(i) | P=iodine/1,/I; Q= chlorine / CL / Cl (1
[Total: 21] 2(c)(ii) (c)(ii) wfgliﬁgrﬁl’_gngHA—Q bond ORA / easier /less energy to break .
due to greater distance / shielding of nucleus from bond pair ORA [1]
[2]
2(e)tiii) (c)(iii) 2HP (or 2HI) > (or ) H, + P, (or L) [1]
§ (c)iv) | Ag*(aqg) + Q-(aq) (or CI-) - AgQ(s) (or AgCl(s)) [1]
c)(iv AgQ(s) / AgCl(s) + NH_(aq) - Ag(NH,),*(aq) + Q-(aq) / Ci(aq)
2(c)(iv) , ), E_H
i (d)(i) no of Clincreases by one each time / matches group number [1]
2(d)(i) due to increasing number of valence/outer(most/shell)
electrons / oxidation number / valency (of Mg, AL, Si) [1]
[2]
i (d)(i) | MgCL (+aq) > Mg?* + 2CL- ]
2(d)(ii) AICL + 6H,0 - AIIH,0) > + 3CI-/ AlH,0),(OH)* + H* + 3C1-  [1]
SICL + 2H,0 - SO, + 4H+ + 4CL- H
3
[Total:21]

EXAMINER MARK
COMMENTS SCHEME




< Spi";‘e’t } MIDDLE Low
2  The elements in Group 17, the halogens, and theircompounds, show many similarities and trends
in their properies. Some data are given for the elements fluorine to iodine.
' - . . Your
bond energy m;;;f;:m bollingpoint |  boiling peint of Mark Q2 Mark scheme
element , . of element hydrogen halide (a)(i) enthalpy / energy / heat change when one mole of
e mal of atomisation, K T .
AH® T mok 2(a)(i) gaseous atoms is produced [1]
- F . from the element in its standard state [1]
fluworing, F=F 158 79 85 293 under standard conditions [1]
chlorine, GI~Cl 242 121 - 238 188 (3]
bromine, Br-Br 183 1z 537 206 (a)(ii) fluorine and chlorine are gases / bromine liquid and iodine solid
|ad|'n§, I-I 151 107 A5T 238 2(a)(ii) as AHat for bromine / iodine also includes changes of state [1]
(a)(iii) | (.CL + 1/21(:» IC) . 101 OR EC -
. I - AH, = (2E(CL) + ¥%E(L)) — E(ICD OR E(IC) = (151/2) + (242/2) + 24 [1
i} Explainth of the term standard enth chy of atormisation, f 2
&) ) Explinihe meaning " snifialpy change o E(ICD = (+) 220.5 / 221 [1]
The gnMealon, chanmge needed wioen A mole..af an 2(a)(iii) 21
. . (b)(i) stronger / more / greater id-id / London / dispersion forces [1]
koo is..ceovenked ko ks g@eowa. shake. ... o due to increasing numbers of electrons i
anden doaglonel comdivioms 3] : fa1
(b)(ii) (intermolecular forces in HF are) hydrogen bonds [1]
(ii} For flucrine and chioring, the enthalpy changes of atomisation are half the value of the (which are) stronger (than vd\W) / more energy needed to
bond energles. separate molecules [1]
! OR
For broming and iodina._iha enthalpy changes of atomisation are much more than half the 2(b)(ii) HF much more polar / F much more electronegative 11
value of the bond energies. Intermolecular forces in HF stronger (than in HCI HBr, [1]
HI) [2]
Suggest a reason for this difference.
) ] (e)(i) P = iodine / I, /I; @ = chlorine / CL,/ Cl [1]
ﬁuwmm#ﬂ\ﬂfl’-""*"ﬂf'-ﬂﬁl-ﬂmiﬂw_bm‘-iﬂgﬂiﬂ-ﬁﬂ? 2(c)(i)
L. . i . (c)(ii) weaker H-P than H-Q bond ORA / easier /less energy to break
Sienilan. eaengsy (. needed foc aleminobion, Thes, ane..ceadhive... and H-P than H-Q ORA []
2(c)(ii) due to greater distance / shielding of nucleus from bond pair ORA [1]
[iii) The standard enthalpy of formation of iodine monochloride, 1T, is —24.0 kJmol-. 2(c)liii) (c)(iii) | 2HP (or 2HI) > (or ) H, + P, (or L) [l
- _ ) ) ) (c)iv) | Ag*(ag) + Q-(aq) (or CE) - AgQ(s) (or AgCI(s)) [11
;a;tﬁﬂ:n_gf:mhon and the bond energles of iodine and chloring to caloulate the I-Cl AgQ(s) / AgClls) + NH_(aq) > Ag(NH.),"(aq) + Q-(aq) / C1-(aq) B}
e, + I, — LICL 2(c)(iv)
g 1) (d)(i) no of Clincreases by one each time / matches group number [1]
{2'["2" + 1 due to increasing number of valence/outer(most/shell)
— 2(d)(i) electrons / oxidation number / valency (of Mg, Al, Si) [1]
a4, — Al [2]
= L . (d)(ii) | MgCl (+aq) > Mg?* + 2CI- o
.92 +14 = T 2(d)(ii) AICL + 6H,0 > AI(HZO);* + 3Cl~/ AliH,0),(OH)** + H* + 3CL~ [1]
w185 endenergy=.. 2985 kimot 2] SICl+ 2,0 = 510, + 4" + 4C1 Y
[Total:21]
EXAMINER MARK
COMMENTS SCHEME




(b} (i) Explain the trend in the boiling points of the hydrogen halides, HCI, HBrand HL
Beiling...peinks.. decngdat.. . G E. D BB, 2 WL TR f.dhee

{ii) Suggest why the hydrogen hzlide HF du-aa not follow the trend in bcning points shown by
HGI, HBr and HI.

HE 3 13 polag gegl \aos _g_&-m-.s Elu’rmng@vhvﬂ‘b_ 50 rmonE
enemn. sneeded, ta. boeak te boadl .

(e} Inan exparimant, two of tha halegens are representad as. P, and @,

P, combines with hydrogen on heating to form HP, which can be easily broken cown into its
elements. A solution of HP In water reacts with aqueous silver ions to form a yellow precipitate
that is inscluble in dilwte agqueous ammonia.

@, combines. explosively with hydregen in sunlight fo form HQ, which is stable to heat. A

soiufion of HG in water reacts with agueous silver ions to form a white precipitate that is scluble
in dilute agueous ammaonia.

(i} Idantify the halogens P, and Q,.

peTodine (L) . a=.Ck Chlecize (Cl2)
[1]

(i} HP readily decompogas into its elements when heated buf HQ is siable to heat.
Explain this with referance to bond anergies.

Mace.. enmg;ﬂ i5....needed to beeak dhe Mz G bead. ...
Leas.. . meaded Gor =P o it casily breades iake i
(i) WWrite an equation for the thermal decomposition of HP.

ek
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MIDDLE Low

Q2 Mark scheme
(a)(i) enthalpy / energy / heat change when one mole of
gaseous atoms is produced [1]
from the element in its standard state [1]
under standard conditions [1]
[3]
(a)(ii) fluorine and chlorine are gases / bromine liquid and iodine solid
as AHat for bromine / iodine also includes changes of state [1]
(a)(iii) 1/zClz + %I, - IC)
= (KE (7312 + %E(L)) - E(IC) OR E(IC) = (161/2) + (242/2) + 24 [1]
(ICl) (+) 220.5/ 221 [1]
[2]
(b)(i) stronger / more / greater id—id / London / dispersion forces [1]
due to increasing numbers of electrons [1]
[2]
(b)(ii) (intermolecular forces in HF are) hydrogen bonds [1]
(which are) stronger (than vdW) / more energy needed to
separate molecules [1]
OR
HF much more polar / F much more electronegative [1]
Intermolecular forces in HF stronger (than in HC, HBr, [1]
HI) [2]
(c)(i) P = iodine /I, /I; @ = chlorine / CL, / C1 [1]
(c)(ii) weaker H-P than H-Q bond ORA / easier /less energy to break
H-P than H-Q ORA [1]
due to greater distance / shielding of nucleus from bond pair ORA [1]
[2]
(c)(iii) 2HP (or 2HI) > (or ) H, + P, (or L) [1]
(c)iv) | Ag*(aqg) + Q-(aq) (or CI-) - AgQ(s) (or AgCl(s)) [1]
AgQl(s) / AgClls) + NH,(aq) - AgINH,),*(ag) + Q-(aq) / Cl-(aq) B}
(d)(i) no of Clincreases by one each time / matches group number [1]
due to increasing number of valence/outer(most/shell)
electrons / oxidation number / valency (of Mg, AL, Si) [1]
[2]
(d)(i) | MgCL (+aq) > Mg?* + 2CL- 0]
AICL + 6H,0 » AlH,0) >+ + 3CL~/ AlIH,0) (OH)** + H* + 3C1~ [1]
SICL + 2H,0 - SO, + 4H+ + 4CL- H
3
[Total:21]
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— Asllicy

"

MHy + EC_M-H -

- 1. the formafion of the while precipitate on addition of squeous silver iohs to agueous
HQ,

{iv) Write ionic equations, |ndu:ingstarhasyrnbu[5 for Bt Cl@ﬂ

Pate) 4. Clcaa)  —> AaClay

2. the amaaquant dlmlwng of this precipitate in dilute agueous ammonia.

Mg (o) v Cles) CNHG G Cad)
I

(d} Chlorime reacts directly with many elemants to form chlordes. Three such compounds are

MgCl,, AICI, and SIC1,.

(i) State and explain the pattern shown by the formulae of thess thres chiorides.

M
MaCla 5. jonic bood. . T3 Hremfned. 4. elecon to_each (2 akom.

Af . s, bondled by sbaning of elethcon b each elechon .
SiChn 15 giank covplenk thruckune, . Each €8 (s covelently. basded (2]

(i} Write equations to show tha behaviour of each of these chlorides when added to waler.

MeCl, . MaCla £ 2H0. =2 mgoHy  +2HCL
AlCl, . ANCA3. £330 — Al@uh . 3HCL
sicr, SiCHe £ 920 o Si(OWy +Yydcg
AR, O —> :IEIIGHJ; caHct _ il

SR [Total: 21]
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(a)(i) enthalpy / energy / heat change when one mole of
gaseous atoms is produced [1]
from the element in its standard state [1]
under standard conditions [1]
[3]
(a)(ii) fluorine and chlorine are gases / bromine liquid and iodine solid
as AHat for bromine / iodine also includes changes of state [1]
(a)(iii) 1/zClz + %I, - IC)
= (KE (7312 + %E(L)) - E(IC) OR E(IC) = (161/2) + (242/2) + 24 [1]
(ICl) (+) 220.5/ 221 [1]
[2]
(b)(i) stronger / more / greater id—id / London / dispersion forces [1]
due to increasing numbers of electrons [1]
[2]
(b)(ii) (intermolecular forces in HF are) hydrogen bonds [1]
(which are) stronger (than vdW) / more energy needed to
separate molecules [1]
OR
HF much more polar / F much more electronegative [1]
Intermolecular forces in HF stronger (than in HC, HBr, [1]
HI) [2]
(c)(i) P = iodine /I, /I; @ = chlorine / CL, / C1 [1]
(c)(ii) weaker H-P than H-Q bond ORA / easier /less energy to break
H-P than H-Q ORA [1]
due to greater distance / shielding of nucleus from bond pair ORA [1]
[2]
(c)(iii) 2HP (or 2HI) > (or ) H, + P, (or L) [1]
(c)iv) | Ag*(aqg) + Q-(aq) (or CI-) - AgQ(s) (or AgCl(s)) [1]
AgQl(s) / AgClls) + NH,(aq) - AgINH,),*(ag) + Q-(aq) / Cl-(aq) B}
(d)(i) no of Clincreases by one each time / matches group number [1]
due to increasing number of valence/outer(most/shell)
electrons / oxidation number / valency (of Mg, AL, Si) [1]
[2]
(d)(i) | MgCL (+aq) > Mg?* + 2CL- 0]
AICL + 6H,0 » AlH,0) >+ + 3CL~/ AlIH,0) (OH)** + H* + 3C1~ [1]
SICL + 2H,0 - SO, + 4H+ + 4CL- []
[3]
[Total:21]
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