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QUESTION ONE
(a) Complete the table below.
PF, 5+(*D)° SeCl> (+(1sDn
., - F L 7] Z o
F l it b
A : (Sha, 1 Oy
Lewis structure P f’- : e Se e,
e | e G
F 4 )

Shape 'hn'jor\al b‘P\j ramda |

Sazuo-fc_ P'an o1~

(b) (i) The reaction between chlorine trifluoride, CIF (g), and hydrazine, N,E}i‘(e)', is explosive. It

was investigated as a potential rocket fuel. The reaction is shown below.
4CIF (g) + 3N,H () — 12HF(g) + 3N,(g) + 2Cl(g)

Calculate A H° for the reaction, given the following data.

*3 N,H,(0) + 0,(g) — N(g) + 2H,0(¢) AH° =623 kJ mol”

42 2CIF (g) + 2NH,(g) — 6HF(g) + N,(g) + CL(g)
& 4NH,(g) + 30,(g) — 2N,(g) + 6H,0(g)
16 HO(0) — prg)

AH®=-1200KkJ mol™!
AH° =-1270 kJ mol™!
Awﬁ" =40.7 k] mol™!

}(g‘;

Lcy) 1 éﬁ{é (@)
HUF (9> tH N&‘fﬂ)

2 HF gy 21\!2{9, + 20, o

ZNI%J‘F 6%(9)
6104 = EH0,
/
4eIF, o
Ao~

—
-—

F30NHy —»Bmz“uwrg) t 2ol

~27%94. ¢ kival
—2750 LTmal=' (35.%)

Chemistry 91390, 2024 01662

AH's <1968 Llwol” [f

: : A= - 2400 L:rmr'f"-'
qﬂ”vcg) *307, @ DH’= (270!}
) A\/ap H%= $QM\N ZUMJ'E.___




(i) Justify, in terms of the es of the system and the surroundings, why the

reaction between chlorine trifluoride and hydne 1
4CIF (g) + 3N H,({) — 12HF(g) + 3N,(g) + 2Cl ()

The en«hr-o,;j of T Y item increases,

2 mols of moe ordesed i.‘cW,‘o(r?m'fmfN o wols o f
Qaseous (eacfont fmo(uua [7 wmolc of moe disorclered
90.5?%3 prﬂdvfﬁ‘r. Henwe e is grﬁmLe/ (;(J/?é/{ﬂ/ of

o Hes o«e’?ﬂ-t’rj n e Jyslem.

Tie enfro fj of Jurmunofing s INceages

The 1eackhon is exofRecmic, Wan;nﬁ hoat ?/lej:?y g
releay 50( into the Jurr\l#\op,bﬁjl so Ml fﬁrht/ﬁs W
e 5urrouf\0p.hgs g kire F ¢ energy Heice flet
'S :)FQ‘\"LCI' 6(65{?@’5:1' of matte M¢P(efn€fjj I ’né
Surrevading s,

fs both 1 enhofy of T syskm ool Tl sumrondlig
ncreagfes the fotal en i"rvfiy Increas es /1he +otfal/
entropy chinge s positive, Herce tle reactdon is
JFOAHV\E‘\_OM!.
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QUESTION TWO

(@ @

(i)

(Rf has 3

nér

leyely

while N2

has 2) &lﬁﬂl’i{f\ef@ level so it i further oway from T

The table below gives the electron configurations of three elements.
Argon, Ar Neon, Ne Phosphorus, P
1s2s72p%3s°3p°® 15?2s2p° 1s?2s?2p3s?3p°

When considering the 3p° part of the electron configuration of argon, what is represented
by the following? B

y 3¢ ene gy leve |
p fnt ¢ orbital

6 6 elechens DCLwNJ-ﬂ W/B%M] Hhis ar{,,‘f—q[

Arrange the three elements MNQ,M?! in order of &!_ctea_sing:_ﬁ:st.ionisaﬁon energy.
Use your knowledge of periodic trends to justify your order.

N€>Af>P

e A st {anjdga-)-ion Qne_fyj s e i inum Gmovnt of
rlguire

enecgy bo remove | wol of eleckons from | mal of

gaseoly atoms .

Both Ne ond Ar are in T Sane gro up, 3(»0&4(7 /8,

Dowin Qa gmu{)) the number of Wgy levels Jh(ft_“J?J/

eaning e valerce elechon bo be removed occupies g

nuclens! Tine She(d’fnj of The wuclear attra cbon éj e
ey levels ncreafes, Amrmxij o numbe, of protfors
neeases doun e grovp, fnis effeck is ofFsel by Tl

valerw eleg ons be:‘ng bartler avoy Go m e nacleus
W“H" *\f‘(/‘f’a&ed élr'l'Z(ofl"ﬁ from inngr (e ve(;, HW‘(.Q (nf. _
nuclenr odbrochon decceases, So less enecgy is equitd |;
0 feMove an elechon, So Tl Aret imnisakon er@ryj '
decreases, Hing Ar hos o loner brskionisabon eneryj

QOMPMO{ +o Ng
both P and Ac are in e same penod, so ki valenc
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eleckrons accupy 1€ Sane erergy leve[ nath Tle some

S\niffdtkﬂ Gom Inner levels, eross dle fefwc’/ e numbe,
of Prvl-ons ond fhug 1€ nuclear [Wv’jc hease s Henee
e wvuclear attbra (hon incceases, a5 Tt outer elechrons con be afhatd

More 9"0"_‘7‘ o e nugleus, so Mot Pné’fg 1§ ey vl red 4o
(0w aVE e’jcmf\ W{A‘n,fw m Rrst 190iSen fhon erer y,h(ﬁ&ﬁf‘pf.
Heace fr hiss @ gre ALl bict FaniSo hon €grg 4 compares] (& P, So Ne has
e pest Gt ignisafion Atk Al followed 69 Arond then P.
(b) The two possjl le shapes of Sromt_ne trichloride, BrCl,. are”i"hshazmd and trigonal planar. Both

of these shapes are based on the trigonal bipyramidal arrangement of electron pairs around the

central atom. ‘tl : %,@u
Research shows that the BrCl, molecule is polar. :.5'1 o T b
Compare the two possible shapes of the BrCl, molecule to identify which shape would result in
the BrCl; molecule being polar,

Your answer should refer to bond polarity and the arrangement of the bond dipoles.

B Cl5 has polav covalent Br—Cl bords due to Mo ditference i
Giecm&gqﬁw"y be Fween ofoms, with cl 6(’."3 ~Ore e/(céor?a/’z've
e 6( . ..

1é BrCf3 s 'T'Slnapecf: Tre bond Jdipolg are arorged
unevtny _o(ue o BrCl % asﬂmmer!-n‘c _Fslaq'pea( ska‘pe
(u/h.‘c(n has 3 boﬂdfr_\j nzy,'ans i 2 ‘OI‘Q.PQ;VS) Mmeoning Tle
bond o(:"ydes do wot Cancel, so BrCl:,_ s a poler wo/t_e_w_/e.
TEBrCly s tgonn] ploaney : 4 However, despile

S UL B Cit poler—covaient Lonts, Tl bond]
d‘fgoles ore dishn buted evaj dwnedo BrCly's symmem(
]Lv'\'jOf\ql ,o!&mav srape, Hine N bond d’:’fpo(c'; cancel
So BeCls ik a non -polor wolecule,

His. TLMW ir br Cls is T’Ihﬁf{?d 7+ wmll be a ,ao/-’%r
WWCMIG, 6S T-Slﬂﬂffe 1§ om__asymm%c Sl/\a,oﬂ
while %% %n‘?onal p/ﬁmw is & Symmetoc Shape, So
Te bon(f d;polej withie@tts wll rot e i Br(ls is T—

§]f\tﬁf€d} whereas fn contragt 7"-63:1‘ will cancel s BeCls is
mgonal planar. Ters neons Brcly will only be polay widn
n 74M[)M mtcwlwyi’o""ehy.
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QUESTION THREE
(a) (i) Identify all the types of attractive forces between particles of the following substances in
" their liquid state in the table below.
i
N T
Tk Substance Bo:h;nogcpomt Attractive forces
s '-kmvom.y dirolcfd.'pdf atHrachor s
Ammonia, - Pe/mum_ni' d.“oale, -A;polz athrechony
e b NH, l":j”lm?” lond r‘rj
Je~porany dipde -—dipo[e attracko~s
4 -a Sulfur dioxide, . permanent oﬁpole-d;(;ole athrachng
b SO

(i) Explain the difference in the beiling points of ammonia and sulfur dioxide.

2

i -——0(1 ;
Pentane, pred d POL! Fo[e attrackions

CH,CH,CH,CH,CH,

36

Both NH, and SO, are Iaolo_.r molecules wth dbvnfomy
ond pe/m anint di Pore__d.‘r)ow attrackons, However,

NH; also hag shon hddrojﬂn bonding ot tv fle d»ofﬁ
N-H dipole, whert iS_a lvge era, froregak V@ :
diferene bebreen N sd H as N 5 wmoe elecko Mjﬁﬁw}
Twan H, DGSPH\Q ﬂﬂisj 502 has o Sigm’ﬁ(&n%{, Ic-sr‘ye»r ¢
moloy mass and fous o IW7GI elecbpon cloud size comprrr’d
19 NH.?, WW"@ i J"(’Mloormry c/rf«?levda‘f?ﬂlf athachos
rre Si?nl'/a'(mﬂ ghw\7w h tm NHZ. How T .(Wgﬂ\ of
N inHemo lewlar attro(hons beteen SO, wolecules requig:
more leat g e 0Ve/ conp compm?d lo the sum of
1 kﬂ"{)"fﬂ d,'/wlc n“ﬂ’no}vpﬂf/ fefmhr\’ﬂf di/m{l ﬂﬁmcﬁmf}
omol L‘JM bording boMlon NU, rolewles. Hence 2
e SO0, Wws a L57W boiling point C°M‘oﬁr€0( 4o WHy

(<1o°C Lompﬁff"’ 0 -13%)
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(iii) Explain why € boiling i

. e
i

Bofin pem‘af:él W pornry dipok ~dipole a Prrectrent,
However §9, is a poler wolecule nile peatare is anx

ron 'POIW woleoale (b{’rhﬂ un n//tw’\{’j} m(ﬁm‘n7 SO?_ also
hat slmf\j permarent da‘laote-af{foée attroachons betres,,
wolecules Haw?wfj D{QJFmLe tffnfar'e m/j W‘vﬂg Mfﬂf@
d:’FO(C '“JJFOLE atha ok ors, ’ofyane has o J.yn/‘ﬁ'(ﬂ n&
lwﬂe/ roloy magce Selecion clowd size hawlry o =
very lorg carbon chah) comFarea/do & s
weirs T [omporany ol oole ~dipole attr ahons betnes,
fmw woleca les ot J,'?m'ﬁ;‘(mf:ij Shorxj_g/ thon e
,Le/w(aorwy d;‘pale -—cf’,'()oﬂc attrziony befneen SO,
molewnles. Hine Hee F&r»porqy dipole attretsony betree,
f(nm rolecules (equie ro bent e~eroy o overcone

(Oom ff’o’/-o’ﬂ—-esum o-pd'\e‘/\e,nfo M?{mmf
d,‘iaoftj atbre chons befrten SO, m!f:Z ijjfso

‘;mﬁy\e vt ~ Lv;'7/'\2/ Lo,'[,v-:? fo,h'/— Comfﬂr,-ed ;o
\SOL (35‘0(, (.DMFW‘QJ,}D w{D"C,b.

Question Three continues
on the next page.
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(b) The enthalpy of combustion of ethanol, CZH OH, was determined expenmentaily using the

apparatus below. The ethanol was completely combusted to heat some water in a beaker.
'
glass T
beaker
~+— water
PNISNTS IS TSZ o

ethanol
burner

The following data was recorded:

« initial water temperature =22.1 °C ATeZhi-1r.09 170

. final water temperature =31.2°C

. initial mass of burner and ethanol =592 g g Mas of efhanol ;

« final mass of burner and ethanol =58.7 ¢ $h.1-58.1: 0.5

The student calculated the experimental enthalpy change for the combustion of liquid ethanol,
A _H(C,H,0H(£)), to be =770 kJmol .

The specific heat capacity of water is4.18 J g! °C'".
M(C,H,OH) = 46.0 g mol"!
(i) Use the information provided to calculate the mass of the water that was in the beaker.
Mass of ethonol & 59,2 - 581 = 0.53
ne 2-: 95 _ 9.0(0amel (356)
LT,
- & —_
AN —L
-7170 = —=
e ¢,3646 5
w 110 % o099 = EZM k] of e celeadte
q Q. C! /"eﬂ?j

= 8369.6 T L ovyy reloaced

t'L-: wme AT
934 6 = mx i lf x [3L2-01.))
§1e9 6= o x Y 12X A |

we YEE16 . 196 (35.4)
y.1g 2. ﬂ
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(i)

9

Which of these quantities calculated would have been a source of error in the calculated
enthalpy value?

Circle your answer.

temperature change of water mass of fuel combusted

Explain your choice.
The ethanol was com pletely combushed so Tere wes
no incomplede combuch on ne20InG oll ¢ ethano)
was wied vp i T reach 00, This meance (€ mals
of Lue( combusted should ot be o source of
¢reo ¢ in 0 alouloded mﬂwﬁ/pj vahre, floneves
de L perpdare Chorge of & wates vould hoave
been o Soure of error as Some W&rf €-’\€!}"7\~]_
"\”j havt been lof) fo fhe Currouol
absalbod by v equipmeat  mgle.

¢
/}ﬁ ezihg/pywlu{_
WWWWIOW o MNeaefce/
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Subject:

Standard:

Chemistry
91390

Total score: 20

Excellence

Q Grade Marker commentary
score

Applied Hess’ Law to an enthalpy change calculation and justified

One E8 the spontaneity of a reaction based on the entropy changes of the
system and the surroundings.
Justified the periodic trends in 1st ionisation energy in terms of the
number of energy levels, nuclear charge, repulsion from inner

Two M6 energy levels, and the electrostatic attraction between the nucleus
and valence electrons. Explained the polarity of molecular shapes
by recognising the symmetry of the shape.
Explained differences in boiling points by comparing the strength
of the intermolecular forces, including linking the strength of

Three M6 temporary dipole attractions to the surface area of the molecules.

Calculated the mass of water in a calorimetry calculation and
explained procedural limitations to a calorimetric procedure.






