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QUESTION ONE

Sulfur forms a range of different fluoride-containing ions and molecules.

(a) Complete the table below:

SKy~ SBrF,
K e S~

F SR
3 AN
iy s

Lewis structure

Name of shape "W)W W Q&WD{M

(b) The Lewis structure and shape for sulfur tetrafluoride, SF, are shown below.

:'F;:
:F—8'—F:
e
:f:

secsaw

(i)  Identify and explain the polarity of SF,.

Tn SFy ) Hure are four S-F poar bonds . Hustfne &
S ot MOMLOG-UM oo Covalenty bendud to

v odom , Theve e pars avdl one Love  |:
has¥ auvumd K anfral 'S’ atem . Tairgivan So, Hhe mebhoule
s Oxymmely arramged . Thovdony, Sy Aot o &%
mwm sin He ffectef henal i’ pétes
49 not camcels sut omdl A owwrll (Fy mobude §
pelar.
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3
(i) Justify why the F-S—F bond angles in SF, are different to the F-S—F bond angles in SBrF..
T SFy o dhon. ane {dm repiont f elocheon dund i cirpumd e
Cmbal S @non . Trese g ioms repely for maximum gebaration inte
higonal bipgramidal fhape fo mbninic reputiion . Thare are Your
bendfnj ngioms amcl ong nem-bemdibg region (lone pai ) Thargfare
the. shape of Sy S 'See-Sud wikh & hond avgt of 90° amd 20"
eusenat, Tn SBFs., Hare are 6 rgon f Llchond dowi
amund e conhal § atore. Thuse ryioms supels for manimine «,’:fm
i Octahudral §hape fo h\fno?nﬁ( repuliion. Thre are 4% bn.(,lc?
ow o0 no- hom - bomding rugions Therefere, the Guesall
o SBiFs ui Oddhed% et bm«iqm,,wa/ appros. 90°

afow Hu comdved. drenm Wt
%5:':2! tf‘,'; a"“”gﬁ:\"‘tzﬂgﬁ(mw %m« alen O(WW% ond

(¢) Finely 35\\'dcred sulfur, S(s), readily reacts with fluorine gas, F,(2), in an exothermic reaction to

produce sulfur hexafluoride, SF(2). The equation f‘0r the reaction is:
S(s) + 3F,(g) — SF(g)

Justify, in terms of the entropy changes of the system and surroundings, why the reaction is
spontaneous.

TRe omdvo Hie system Oncreages pince . 400l amaol
MMWW@WWMW D st
& SFo om dhy /wuhubw&u,dm prodursd moteasde s gosous .
TRe sold pathicdu are more ovdered Hhan faxew parhtles . So,
M?suwmrdaﬁmua\éwwwwfnm
%mmm,fmﬁ&a tn te eyl becornus mere difordered
The Unk0py of the sunmumdbngs Thereass ofnc e reackiom §
wotheimic, The heat ontrgy has beon releaseol & e Sumsunolings
Hu \aa!h'ulu fn 4 sur/etnolungs 30(64 hinic /Juzai amef
Sl 1o mewe ot d fasky Sheed | extont So,mfzaﬂw’dub«ﬂw
more dusprdered amol Hhore & ey mattyy amdl
wuy tn e Guiroumdlingg - (m ammw%am poge---2
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QUESTION TWO
(a) (i) Complete the table below. v 1
Symbeol Electron configuration (use s, p, d notation)
Cl 2 q @ 7 W(M
V7 13 ’.I[f 36 4 i
cugq | 40% 2s% 2f G0 3p¢ us® Bd
34 26 2 02, 9. N o . 5 . ;
ke o [3 23 lP‘@J gla‘ @ gd £
(ii)  Iron, Fe, can form two different ions, l-‘ez'_and Fe**. Their ionic radii are given below:
Fe?* 92 pm
Fe** 79 pm

Explain why the radius of the Fe’* ionis | er than the radius of the Fe*' xog o
% 3+ d‘
Both Fe** and & MMW (4%). So, the

WWQW ownfu.wl o0l 0446 e

ool thoe W MW/MM:M%% mnu’thdm
}oﬁuwhﬂudadvm.w &ngu A qu yoton |
Hham Fe™', Fe*' hos 89 omol > has 98 So, :
Pl kag Hue valone wdfm of Fe’* rectlues ;
echrestatac advachen ‘401(&, bg fu PszhM&/ chatgw‘mw&wL

omel Ve duvend are wu% e § ozourfo

e nuckuns eLwrW Hao' m_ouuA "lm F%“w%

(b) (i) Identify all the types of attracmc rLeE betm,er{ 1cleso t e ) owmg U qtanccs lﬁm L
their liquid state.

Substance A, /K] mol ! Attractive forces

Hydrogen bromide, 173 ‘ijgﬁ:f gia ;’ %t p d-Ql. ,

\,\_ BY: HBr(£)
Hydrogen fluoride

o o o clyegon bends
u-£° HF() }m{”m:‘i %;ﬁ
‘Cumpolﬂd’d clupete

|
A, |3
|

b
N
39

TR iy -
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(i) Explain why the A H° of HF is higher than that of HBr.

ot HF amol HBr hos lomporary dipsted cumdl permanent dupotis-
Pumamenk dipste go dutto pstar H-F Bencs (n FLF amd H-8Y
poti( bonels fn HBr. Howseuer, HF alio hes o Aydrogen bodip
which & Heshengat ¢f all Hrre aiivaciine forcy betaus )
wHe mask oo negatine atem bended to Aud .
gt g g vy

break all indemeteauder forces buuseom HFy Jo conmalt
10 HF ). Bantdnag?. um thouge, Hér has a greater
Muckren doud fo qreattv mstar malg than HF, The hydregon
bnd&i:tm sHengut of au Rivactive forcy amd reyube
mere 10 onticome. Ayolvegon bonalivy  betueen HF metiente)
Taare Buap#® af HF L Duabus tom dyapH° of HEY.

(iii) Justify why Br, has the highest A _dp]l ° of the three substances.

. ﬁr,_/ﬁmw!lﬁ has #ou. femporary oupsle forcs « Howed,

- By Aos Ahe gruotal metar mass as eompared fo bok
HFamd HBr. So, Py fasa b elochen cloud ard
W th%‘]ﬂ 0{ Ha Wmvy OUPJLLJ is e San@a}'

of the dmbolary oupote fores @f HFamd HBr Tuore,
O fpreaty armsumt df Auodk oy UL be requinaol

to Wloema'ﬁ'kz atfeetuc fored 1 B 1y W ote convert
0 quacousi By . Cuun Hhowgh | HE am d HBY has peimtre
drpote omd - abonatly fomporary dipsts amd_ HF plao
ot by 1ogon bemding , thayprpadarchubrin clesolof
Ahame owug %M@v\ cloud_cy compared (0 Brue).
Thoere | Bra My the highut AvafH® af all three

gwaslmc‘a- e %
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Dinitrogen tetroxide, N,O,, was reacted with methylhydrazine, CH,NHNH,. The equation for Ve
the reaction is: ;
4CH,NHNH,(£) + 5N,0,(£) = 4CO,(g) + 12H,0(g) + 9N,(g)

(i)  Calculate the standard enthalpy change of this reaction, using the following data.

~ C(s) + 3H,(g) + Ny(g) = CHNHNH,(6) *  AH®=+54.1 kimol! #-21M

“C(s)+ 0,(8) » COg) AH®=-394 kI mol"! v="—18%
e 5 (Ny®)+20,8) = N0 AH®=-20.0kI mol ) 60
12l Hy(g) + % 0,(g) = H,0() AH®= 286 K mol"! ) > =348
« H,0() = H,0(g) AH®=+40.7kImol'! = Ygg-Y

L(( CH3NH NH2 ) — Nz.(.g) + 3“2.{,3] + Ces)= A,WW|;-¢'".__"'
"7‘!%NHNH¢!D-—9 UN2.) +J&H2L3) FyC = AH-=mQ16-U yrmet?
q(CCS)'*'@zQ)) — (0,(9) “ JiH™= -394 K7 mst-' ) ;i:
= UYClw + UOag) = YDz 4 *—L5Hs KTmst”
—> 13H,0 @) —7 18HOf) < AH ~+ussKTmet”
E— 5Nq_oz(l.) o SNZLS) T 1002(,3) A,H ¢+ngm‘y";_:'
= 1997+ 60219 — bdH0w) BV« +3U432 )qmt"

4 CHgNHNH, (8) +5N20; () =7 INag) +UClDrgg) 1 12 H20t3)'"5_.-'
Ay —u636 KT mee”!

(i) Explain the effect on the standard enthalpy change calculated in part (c)(1) if the water was
’ produced as a liquid.

dhe Loodar LoA d ebbur tham gal, -
\fﬁ(k foetion wuﬂdmbem % QupttrarmSc ,!Liuww 2
i, OREUs Wdder AL Ledur mabecutar ol nacdld 40 be. ¢
bockem | So mere avmbumt ¢ Auat migy w neguneol fo 1
ol Tndiw mple wllay (mq botwsem wattr mefecules (So/headﬁ’"
Wum Bean Qs prottermit Gyinu Mm% r:é,:ed) 2
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QUESTION THREE
(a)

Nitric acid, HNO,, is manufactured from ammonia, NH,. The equation for one of the reactions in
the process is:

4NH;(g) + 50,(g) — 4NO(g) + 6H,0(¢) A H°% -1172 kJ mol!
(i)

Write the balanced equation to represent the standard‘enthalpy of formation of ammonia in

the table below.
Substance Equation AH°kJ mol™!
1 -
NH,(g) s-z—Nz ) +12_H1(,3) 7 NH;(&) :
NO(g) Y N,(g) + %40,(2) — NO(g) +90.3
H,0(¢) H,(g) + % O,(g) — H,0(?) ~286

(ii)) Calculate the standard enthalpy of formation for ammonia, AJH°(NH,(g)), using the data
given in part (i).

& spH = (Produds] - (Reactamts T

~1138 = ([(Qo3xu)+ (-as6Xx6)] —[unNu,J
-449-9.* 364-:2 —191.¢ ~ UNH3 :

= Ry - gt - YNH.

= 4132 +1 958 <-Y'NHg

= 41828 ~=UNH

= 1P * "’NH_}
Y

\) t)

-

Y& F kImst A Hu 44Hfol NHy ()
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(b) (i) Justify, using your knowledge of periodic trends, why magnesium, Mg, has a greater first
ionisation energy than strontium, Sr.

Jonisation amngy rufes do b sumbval of oo i, Tchem
foom o gaseows atom . The fonlation oneagy Inoreakes od
You g0 up Hhw Group 2 . TonSakion enugy depumold o Hie
wmbuag Voot ool Liedvers aw«p.d Shutly Hhu mmddy
from nnw pluhions amd. Hh Sirengi of tho tortoGradic orcs. ';‘_.

Jow Fhaus ashvons. Wdrﬁdb)wkuw Sr has ¥
Mschens wecupPed fulls, fvon HRough Hu nvmber of
t)YO*VN {nereases oleum the group o buk dtiu no- of, Sshot0e also
na'tagts, The ¥ vadona techons 06 Mg receing Lus repulsen:
W from thy foanty tlutory Whorew Sr recubu a1
:Q‘Lwﬁ Arow s fnes/ Lok ai tmfumedl folug.

H,gr recawed o UNW L&MJM(:&QLL f&z /JQHMZ,

Chargu nudtus andl putled e FoudcLid) %ﬁx/wflwe"ﬂ."

i’fﬁn S%bﬂ yuuml»&/ alzj techon W(dfﬂdll

(i)  The atomic radii of five elements from Penod 3 are shovm in the table bc,low

Period 3 element Na Mg Al Si P

0118 0.110

Atomic radius/nm 0.191 0.160 0.130

Explain the trend in atomic radius shown in the table. (e
The akomile ool daid ot you g0 acsess e ferod. l

4 you g0 across dha puiod 5 aut imons boe same
Wumbor g Llectren WMM ( Ahree fhllppral), S0,
fre < Same lchven - Wr\’«ﬁuﬂd% M‘Mi A&

fane dutvona . Hovsenmer) Hie V\WW Wom increasd,
acnets e puiod 34 Na hoa 11, Mg hay (2 |\ P A I3 i
Aab |4 and P ha ? pmzmw mmww%wfqﬁ Luden
VI RA B0 pomady s dancg, Soy flu vadonee duchond ,

- F
S S R o s
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pdan, Bo the dittama bchuun pucduy onvd valumt
Machevy - @owdicirears quoes He fiod  gmok o dug) e
wolws. P Aoy Kt foltast pdii’ Ua purfod 2 o b has

W Iwghat norf frosens “tham [ Sip 01, Mg L Na
w@m Mottt §o ) reckue huifhudt tlechrrtaicpuall

(¢) When solid calcium chloride, CaC 1,(s), dissolves in water, the temperature increases from
20.4 °C to 23.2 °C. AT 983 C
CaCl,(s) = Ca**(aq) + 2Cl(aq) AH=-81.3 kJ mol!

P

Calculate the mass of CaCl,(s) that must dissolve to cause this temperature increase.

Assume the specific heat capacity of the calcium chloride solution is 4.18 J g~! °C!,
Assume the mass of the calcium chloride solution is 68.0 g.
M(CaCl,) = 111 g mol"!

BH- q/f— mcAFT
- 63X 412x2°8 .
q/z —%5'37‘&1.\]— Y —OQ’SGKI

Avit: = g0 =  TR1-3 = 19589 _Q_V)Hé
rv

= ogé . = o' 0cgag Mol

FR13
h=m 2. 00008 = &
M 411

DOoggX411 ~ 1:02%% =w
fo | mass Og (atra oo 43 1:0F VoY
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Extra space if required.
Write the question number(s) if applicable.

: \C) tha,!huvd*opyat
Sharaul) , e reation. & s)entamesws

MUO‘WYWI\'B»M

WM (Sw)) rads reacs with s go Fr9) . T
S0 dhe oyl s Fej?o‘{’vxe_

b) (\+NQ/‘MNXQW

W{vwawﬁma
Vodunanghell) oo (F 1 ryve»c
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. Vol #hett 00 11 -Cc Nt
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Extra space if required.
Write the question number(s) if applicable.
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Extra space if required.
Write the question number(s) if applicable.
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Subject:

Standard:

Total score: 22

Excellence

L3 Chemistry
91390

Q

Grade
score

Marker commentary

One

M6

Explained the polarity of the molecule by recognising the
arrangement of bond dipoles, justified differences in bond angles
by relating them to electron geometry, and explained the
spontaneity of the process by referring to the change in the
surroundings’ entropy.

Two

E8

Justified the differences in Av.p4° by comparing the strength of the
intermolecular forces. Applied Hess’s Law to an enthalpy change
calculation.

Three

E8

Justified the difference in first ionisation energy and atomic radii in
context in terms of the number of energy levels, nuclear charge,
repulsion from inner energy levels, and the electrostatic attraction
between the nucleus and valence electrons.

Calculated the mass of the solid dissolved in a calorimetry
calculation.




