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Answer all questions in the spaces provided.

This question is about enthalpy changes.

| g | 1 ||_T__| Figure 1 shows a Born—-Haber cycie for the formabtion of strontium chioride, SrCl;
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Table 1 shows some thermodynamic data.
Table 1
Enthalpy change
{ kJ maol™*
Firzt ionisation energy of strontium +548
Second ionisation energy of strontium +1060
Enthalpy of atomisalion of chlorine +121
Enthalpy of atomisation of strentium +164
Enthalpy of formation of strontium chloride —H28
Enthalpy of lattice formation of strontium chlorde —2112
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Lo nee wrkle
Use the data in Table 1 to calculate a value for the electron affinity of chiorine. -

[2 marks] |

’ﬁq’_ M= E&ﬁ Hse) + 2-@..;“ E.LD":‘ Jf:-q sh1e #{.‘u"‘) + 43_.{151-1{51") |

+ ?Jésaeﬁh‘* ELEH[H} ‘
‘ﬁ’af M= .J'_"_g_} H- (;Em_i-l (3¢ HE@.\HR‘E}*&#;{.H" By Mt "-".{.EH )

Z
Ao H= e
2 Electron affinity s 165" kd maol-!
s =ReT R ‘lu&"-‘*

|£|I|.|__T_| Draw a line from each substance 1o the enthalpy of lattice formation of thal substance.
[1 mark]
Substance Enthalpy of lattice
formation / kJ mol™
MgCls ~2018
MyO -2493
BaCly [ —38808

Question 1 continues on the next page |

|
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Table 2 shows the theoretical lattice enthalpy, basad on a perfect ignic moded, and an
experimantal value for the enthalpy of lattice formation of sitver chloride.

Table 2

Theoretical

Experimental

=770

—905

| Enthaipy of lattice farmation / kJ mol

E State why there is a difference between the theoretical and experimental values.

(1 mark]

ﬂﬂ. JCJE.G-E:FE-‘_&JL Valme does ne bihe abes |

Ollonnk Hre (o lunk chilalel Plesent”

I___T__] Table 3 shows enthalpy of hydration values for ions of some Group 1 elements.

Table 3
Li'(g) Na'(g) K'(g)
Enthalpy of hydration { kJ mol~! -518 ~406 —322

Explain why the enthalpy of hydration becomes less exothermic from Li* 1o K*

TL& LLM’M. clg.m:’m ol H,-,_f. Tons eclepsag

[2 marks]
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[T_II!E Calcium bromide dissoclves in water.

Table 4 shows some enlhalpy data.

Table 4
| Enthalpy change / kJ mol'
Enthalpy of solution of calcium bromide 110
Enthalpy of lattice formation of calclum bromide 2176
Enthalpy of h:.rdralmn of calcium ions =1650

Use the data in Table 4 to calculate the enthalpy of hydration, in kJ mot-, of
bromide ions.

— 2
I':_-r.-.__h" > f: i Jt' ?__llr

) P Gy )

_Tme N\ /S50 2
1'" —

X})}ﬂ] H= bLEiE&HJ" &d‘}“ (S + 7 b“HaLH (&>

[3 marks]

o = L6 + (150 + ?-(_&VHLLB'F_)I
= &Hbd{gru): 1_'_.-“'.‘:"_'_—IEEQ - £ 36 f}l’ldnl[ﬂf-‘ _—._63'3

= -']Ja
talﬂ‘-‘d'l
Enthalpy of hydration of bromide ions — X8 kd mol-! |
Turn over for the next question
Turn over »
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| This question Is aboul the isotopes of chromium,

I E| Give the meaning of the lerm ralative alomic mass.
[2 marks]

The  avetnse wmass o one  wmde ol
e element  reluhive lo M’?_H'“ Hee

wlaig t:a.!- cine  Mole p% Cofbon—IL

, E A sample of chromium containing the isotopes *Cr, #Cr and **Cr has a
relative atomic mass of 52.1 =

The sample containg 86.1% of the ™Cr isolope.

Calculate the percentage abundance of each of the other two isotopes.
[4 marks]

1%%c=n [5¢= B9-x

S 1= 0+ (GLxatl)+ S3(na-x)

| o <

§2. 1= Sox * 4UFRL + FR6F - 535

T

] s
8. L = )
5._":’?"— o .'J"Z*n"ﬂ "‘51..1-1:.
| b=
loeox 5. % o 52 BA=x x=)73%
o o
Abundance of ¥Cr 1l| = :.} % Abundance of *Cr !2- -6 %
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m@ State, in terms of the numbers of fundamental particles, one similarity and one
difference between atoms of *Cr and “Cr
[2 marks]

Slmllaﬂtf__s;LME_ Attpmboe a}_ﬁ‘a’r?ﬂ-}

Differance _c,l_,d{'g;_e,mir puambesd ol ﬂﬂ-ﬂkﬁl"’:h_

The sample of chromium is analysed in a time of fight (TOF) mass spectromster.

|:]E]|E| Give two reasons why it is necessary to ionise the Isotopes of chramium before they
can be analysed in a TOF mass specirometer.
[2 marks]

i Se that ke s (on be accelefafel
2 Ly e Hme RN Lo 3@&1:1,
n ﬂ-!-‘-l'TLﬁ.l" bz, H?% hit He _d_g_l-d.ujta{'"

=

Question 2 continues on the next page
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[0]2].[5] A=Crion travels along a fiight tube of length 1.25 m
The ion has a constant kinetic anargy (KE) of 1.102 = 10-2J
-—-_-_-_-_-___'

v
KE = —
2

m = mass of the fon / kg
v = speed of jon / m s

Calculate the time, in s, for the 53Cr* lon lo traved down the flight tube to reach the
datactor.

The Avogadro constant, L = 6.022 = 10% mol~!

. 5— 111*!5} [5 marks]
E = T
E;: lérf'iﬂ } LE, A &.amumuﬁ

' st B -0 —_—
\ P £ 2 B8l foy

otk S Ef_'r'. c= Er
V"E’“J 2 7

). ]DZH I«::?“ﬂ Y d.zs
K 5. 3o ) = 1-:)31:!0{"
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Turn over for the next question

DO NOT WRITE/ON THIS PAGE
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This question is about Period 3 elements.

Figure 2 shows the second ionisation energies of some alements in Peried 3.
Figure 2
2400 -
X
2200 1 i T
| 1
Second jonisaton 20| || | o |
enargy / kJ moi~ — i : I
18004 | & SHE
16001 = ;
1400 ¥ | - ‘ : |
Mg Al Si P 5

how the second jonisation energy of silicon.
@E.m Draw a cross (x) on Figure 2 to show s

| 0 | 2 |E] Identify the element in Period 3, from sadlum to argoen, that has the highest second
' ionisation energy.

Give an equation, including state symbols, to show the process that occurs when the
second fonisation energy of this element is measured.

i the slement you may use the symbol @ in your equation,
If you were unable o identify i Yo y e

Elemen N

Equation

- =
I\-"hT_L%}_*'“’"':‘ _Nhl () T €

L—l| Explain why the atormic radius decreases across Parlod 3, from sodium 1o uhllgﬁne,ru ]
ma

The mowhel & prvens o e muclens
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o M
E| Identify the element in Period 3, from sodium to chioring, that has the highest s
electronegativity.
[1 mark]
C—L\lpf e & P {_L -
E] Phosphorus burns in air to form phosphorus{V) axide.
Give an equation for this reaction.
[1 mark]
4P+ 50, —> B0 :
Turn over for the next question
Turn aver =
L o—
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| Propanoic acid (CzH:COOH) is a weak acid,
The acid dissaciation constant (K,) for propanoic acid is 1.35 = 107 mol dm3
al 25C
m Siate the meaning of the term weak acid.
[1 mark]
ﬂ'm meah sl m% Pg.r b E.!..LLE.—
[ T
|  disctekes  n wakeg
| E_| Give an expression for the acid disseciation constant for propanoic acid.
[1 mark]
+ [ —1
K = [:H B {:.L H g (o
|
‘ [L?_ H ¢ Co= My
mi_il A student dilutes 25.0 cm? of 0,500 mol di;? propanalc acid by adding water until the
total volume is 100.0 cm?
Calculate the pH of this diluted solution of propanoic acid.
Give your answer ¢ 2 decimal places.
[4 marks]
= f_,t U| ?__ -5 & .|::l
CiVi= QU C,= - S 5
A \ooxe =

(K

‘ P}\: "L"'f_'j (!-359{{{ 1\)

T

_ = 5. 123 wmldw
V= lhae (oY = 135455 0. 08)E

. [P W ]L::_I...n.‘.i dwa~
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| | 0 | 4][4 |__| A buffer sclution with a pH of 4.50 is made by dissolving x g of sodlum noata ik
| (C2HsCOONa) in a solufion of propancic acid, The final mlErT_a ﬁ!‘ bgﬂgr E!ﬂﬁﬁﬁ i5

500 cm and the final concentration of the propanoic acid is 0.250 mol dm?

Caleulate x in g
For propancic acid, K. = 1.35 »x 10-% mol dm?

[6 marks]
[H ST Gt 2 R exls el dad

-_—
_—

(C o Mg cosT) = [CMs Coor | JrL.1
(R

| 4 E} 756 « |.35x 07

‘ TG '|b:-ch5-

= 0.106% umd rlrLM#l

M G Hs CoONG = 9 n(ngCmNmﬂ O-108x 5.5

= b.o5 3y

i m GHgteoNu= b.o514 294 = 5 3oy
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Some reactions of the [Al{H:0%P"{aq) ion are shown, ba
Colourless .
solution NayEDTA N
containing 4 (aq) [ALH20151%* (ag) 82C0s(2q) . B(5)
complex . White
on A precipitate
MaCH(aq)
White precipitate that reacts
to form a colourless solution
containing complex ion C
[0]5][1] Give the formula of the white precipitate B.
Slate one other observation when NazC0Oy(aq) is added to a solution containing
[AL{H20)] (ag) lons.
Give an equation for this reaction.
[3 marks)
Formula of B PTL LH{OME}H)?
Observation £ H‘ﬂ' Jesewnl e
Equation
LT+ o2 —> Lall |
Ha e + EE’; — Al Hzﬂjsiﬂ}j + 3o |
[
m Give the formula of the complex ion C. & 3"':'{':LZ. |
State one condition needad for the formation of € from [AL{HzO)e]**(2q) and
MaOH(ag). |
Give an equation for this reaction. |
= [3 marks]
Formula of C Lﬁ{_ [ GH;?}] = |
Condition Erccens A OV ‘
[
Equalion
Ik - (’ :[;"‘
= L{oH
(BL (H0) L o Gl — (ALK +EHyg
Hi .
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[El Daduce the formula of the complex ion A.
- [1 mark]

DNETY

- szl Explain, with the use of an equation, why a solution containing [AW{H0)P" has

apH <7
[3 marks]

= (oY Tt W0 = (M ey e
+ Hgot

Explanation f-'h,-{. Al L‘ﬂé e Swaia A the Sire asu =
Se &t lanale f..]gbfmg_ iﬂﬂ&&t} o wWeakhem

e W bend, _[E{A—,Smw HY  Jews

10

Turn over for the next question
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Methanol can be manufactured in a reversible reaction as shown.
CO{g) + 2 Hx{g) = CH:OH{g) AH* = 81 kJ mol’
Figure 3 shows how the partial pressures change with time at a constant
temperature.
Figura 3
&
Partial
pressure |
- —————— - - -— CH30OH
Ha
GO
—
Time

E] Draw a cross (x) on the appropriaie axis of Figure 3 when the mixture reaches
equilibrium.
[1 mark]

[076].[2] A Q230 mol sample of carhon monaxide is mixed with hydrogen in a 1:2 mal ratio and
allowed to reach equilibrium in a sealad fiask ai temperalure T
At equilibrium the mixture contains 0.120 mol of carbon monoxida.

The tolal pressure of this mixture is .04 = 104 kPa

Calculate the partial pressure, in kPa, of hydrogen in the equilibrium mixiure,

[4 marks]
!'LTﬂ‘k"UL = et = 57n '}\'-Ph
n W4 6.4
———E = B8
Partial pressure of hydrogen 6 1 o kPa

“Mﬁ M IEALBIRRINTADE

O o’ el
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ey o
[0]6].[3] Give anexpression for the equilibrium constant (k) for this reaction, | oo
State the unils. |
P [2 marks] |
LA+ oM A - =T
Ko = T e {-(.Fl'?'-u |
B2 P kb
Ho o
¢
fe e
Units [
E@,E Some more carbon monoxide is added to the mixture in GQuestion 06.2. The
new mixiure I& allowed to reach equilibrium al termperature T.
State the effect, if any, on the partial pressure of methanol and on the value of K
[2 marks] I
Effect on partial pressure of methanol Anclease
Effect on value of K o ELH‘E{JI;—
El Stats the effact, if any, of the addition of a catalyst on the value of K for this
gquilibrium,
Explain your answer.
[2 marks]
Effect on value of Ky no g'H"E,cJC' -
Explangion S ukel ﬁ\-}- ,{re.ru}uit‘-l Gl
e Msecds, feckions (L Sl Ta o E‘i
Boe  Same ameouis, No (oncenbralsun L
Clonpye s
Turn over for the next question
: Turn over »
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The melting point of XeF is higher than the melting point of PF,
Explain why the melting points of these two compounds are different,
In your answer you should give the shape of each molecule, explain why each

malecule has that shape and how the shape influences the forces thal affect the

maelting point.
[6 marks]

K-F; e s & MML Paars éIL elechong
v hoe lene Dh,_f.f- ,EL}:E.QJ::JL_CME_
Conbral Yo, Py the lowe puiis epell
e eleckon podls  msle _&vﬂhﬂ_bﬂ\ié%_
puxs,  the K¢F¢ milecale  adoplc o
%mufﬁ F’Mf ﬂrw-gPE.

. Thiy Shape
_,_7/_I' AU S Hee
\K.E. g anie behieon

TAPE , tree Lo I ba%érm}._
e, {.?U.."'«.\ wre  Lone pear e lene
Peard ﬁ’kuém_jﬂ“‘&:._ e P-F ﬁbﬁiﬂﬁ_ =

_@mm_m.. puk & w i’rl.p..-s!‘-mﬁnf

plane o ot o r:brmmiul_ EL:.upe |

PR PO GaT ALHLE
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The Jab Nakuee o) e XcFi molecls
Peoung _afe. whhe o Uosel 4=
Glhe  am T Uneledss e E"rt“r,s._.nl_c:,{;?t\_
OF tre Uan gled Wally (VW) Jottes Iebwsesn
em. PFE 3 wneable MM%_
P A e e 1{'5;, UJLQ_#:&‘_LLR_QEE_H‘-%L_E-I’*
e H:-ﬂ;ré} a}- Xety Xe F-{I;. alse e
o \agec eledron. Ueud Heon PFy

Zha —ers.Eh-'E_-f." Ontreases Hee #_bmj_ ?L—h
U-lﬁl— e Wdwd %nﬂ;gs oo O Froe |
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Mbleack = 10 x L26= Ry [ Nado= O %

wi

7 6.l -
N Vo 33.506x oo = O-0°385 mdas

nl,

NLD o L5 = 0.001635 in 100 = nl5kt=0.60610

M MNa (L0 = D-amﬁﬁﬂh%-g:@#’ﬁ_ﬁ
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A student does an experimant to determine the percentage by mass of
sodium chlarate(l), NaClO, in a sample of bleach solution.

Method:

« Dilute a 10.0 cm? sample of bleach solution to 100 cm? with distilled water,
« Transfer 25.0 gm® of the diluted bisach solution to a conical flask and acidify using

sulfuric acid.
« Add excess potassium iodide to the conical flask to form a brown solulion

contalning l:(ag). I
« Add 0.100 mol dm? sodium thiosulfate solution (NazS20,) 10 the conical flask from
4 hurelie untl the brown solution conlaining kiaq) becomes a aolourless sofution |

containing I(ag).

The student uses 33.50 cm® of sodium (hiosulfate solution.

The density of the original bleach solution is 1.20 g cm®

Tha equations for the reactions in this experiment are
ClO-(aq) + 2H*(aq) + 2Haq) — Cllaq) + H2O(} * l{aq)
2 5,0:*(aq) + hiag) — 2Haq) + 505" (an)

Use all the Information given to calculate the percentage by mass of NaClO in the
original bleach solution,

Give your answer o 3 significant figures.
[T marks]

.

e
= = (. bbl 615 maoles

Percenlage by mass 4 - “‘; 2’9

B ST T AR
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| O W

ourshe im
.El The tatal uncertainty from two readings and an end point ermor in using a g
burette is + 0.15 em?
What is the tolal percentage uncertainty in using the burette in this experiment?
[1 mark] |
Tick {+} one box.
0.45%
0.80%
1.234% T
Turn over for the next question
- Turn ovar
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This quastion is about sodium halides. s
State what is observed when silver nitrate soluion is added to sodium fiuoride
solution,
[1 mark]
_ sl ol less M"‘*

State one observation whan solid sodium chioride reacts with concantrated
sulfuric acld,
Give an aquation for the reaction.
State the role of the chioride ions in the reaction.

[3 marks]
Ohbsarvation ALY \F:j ._.‘;.]Afl? e -j-u_wu\-ﬂ_J_n-.
Equation

P Ll & Podoy —7 Mavioy + He L

Rale b e
Give an equation for the redox reaction betwesan solid sodium bromide and
concentrated sulfuric acid.
Explain, using oxidation stales, why this is a redox reaction.

[3 marks]
Equaticn
TRl 2 H A PR oy R +30, F TRE
Explanation 7 bp: 1¥g —CJ""'WH"—‘L :!——Pbm Rr o

B’ and w oAdRed. N goes fons
ot o Nt So Keere R ro Chawga L

ots fomn & le 47 ardm ceduced,
State what is ohserved when agueous chlorine is added to sodium bromida solution,
Give an lonic equation for the reaction.

[2 marks] |
ovsonvaion fellows _caludon
lonic equation

Uy Yl —> 2l + 65 D
| TP T
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Methanal Is formed when carbon dioxide and hydrogen react,
COu(g) + 3Hzg) = CHiOH{g} + HLHg)
Table 5 containg enthalpy of formation and entropy data for these substances.

Table 5

CO:g) Hi(g) CH30H{g) Ha0(g)
AiH 1 kJ mol* ~364 0 —201 —242
S K mal? 214 131 238 189

[1T0].[1] Use the equation and the data in Table 5 to calculate the

Gibbs free-energy change (AG), in kJ mel™, for this reaction al 890 K
[6 marks]

AH = (-zol + —z42) — (3a4)

AG = “1 kJ mol!

Tum over »
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Figure 4 shows how the Gibbs free-energy change varies with temperature in a -
different gas phase reaction.
The straight line graph for this gas phase reaction has been extrapolated to zero
Kelvin.
Figure 4
i =]
Ty | HERE
|
|
e
e |
AGY .
kJ mal-1 i
o | E - . | .
0 | 200 400 | 600 |
e | .| Temperature/K |
-100 =
=150 -

L

AL b T
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;"‘[ | o !| 2 | Lse the valees-ol the inlercapt and gradient Tror e graph in Figure 4 1o cailote

the enthalpy change (AH), 11 k) mal™, and the entropy change (4.5, i K-~ mal', for
this reaction

[4 marks]

MNa= AH-TRAL Y= msc +C

Ab = —ps T «+ sy

l7 il 27 A '7

AH= |45 &Jm-"l—

|5
M= fﬁ V71 3o

Zgj = A = | boS

=4 re sk Tl T

e ]q‘g e wmieal!
AS Ea= 1 K=" mant

| 1 |_[_I. | 3| State what Figure 4 shows aboul the feasibility of the resciion.

[1 mark]

blewe &4¢°f  Hre vebe o ARG o

oome 0 arid Ao TLoF Prere  lawaperadoves F‘
e F&G‘;ﬁm L e ]f.u,b?n‘--u 11

il (I
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EE' This question is about & glucose—oxygen fual call. bz
When the call operates, the glucose (CyHeOs) molecules react with water at the
negative alectrode to form carbon dioxide and hydrogen ions.
Choygen gas reacts with hydrogen ions to form water at the positive electrode.
| 1 t 1 LE' Deduce the half-equation for the reaction at the negative electrode.
[ [1 mark]
+ >
C Mz Ot (M0 —> ble, + 2K r24e
|_T_|I|,|1I Deduce the half-equation for the reaction at the positive electrode.
[1 mark] |
) H @ - |
O riHew G —> 2 {0
EE“_!_—I Give the equation for the overall reaction that occurs in the
Glucose—oxygen fuel cell,
[1 mark]
Cen & + b0, —> 6w, + EWo
| 1 |_1 |E| The negative electrode is made of carbon and the positive electrode is made of
platinum.
Give the conventional representation for the glucose-oxygen fuel cell.
[2 marks]
o v : i *
Ces| W Oaups, Weags | @y | Orep M gy 1o ) Plasy
| 1 | 1 |.m State what must be done ta maintain the EMF of this fuel cell when in use, |
[1 mark]
_ Conce pp@lmn C;!l— lecckends must be L.'c_g‘(i*‘ b

C e b aont

END OF QUESTIONS
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