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Transition elements have variable oxidation states and form complex ions,

State two other typical ¢ | properties of a transition element.
e C!&féﬁ%&‘? ...................................................................................................
N A ]‘gj:m__.c_qﬁquua( _____ Cmﬂfﬂuu@{&

(i) Explain why transition elements have variable oxidation states.
L‘t).&anc/(_a.(d)sﬂf&h&ﬂé{ﬂfﬁt@{‘bﬂfﬂ %
.......... _:;[-gsa:nenergj 2
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(b) An aqueous solution of chromium(Ill) ions, Cr**, contains the [Cr(H,0)¢]** complex ion.
(i) Complete Figure 1.1 to show the electronic configuration for crt.

3d 4s
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Figure 1.1
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(i) State the type of bonding that exists between H,0 and Cr** in [Cr(H,0)g1%*.
..................... d&tlvﬂlﬁﬂ'ﬂb’[mﬁiebond (1
(c) Explain why transition elements form complex ions.
..................... oL......orhites......that.cave. . enersetically... ucesable..........
............................................................................................................................................. 1

(d) [Cr(H,0),]* can be converted into the [Cr(H,0)5(OH),] complex.

(i) Suggest a suitable reagent for this conversion. State the type of reaction.

reagent .............. NOCOH(“‘[) ........ %3?\% .........................................................
type of reaction ;..!.__..:Flrg,clf-}.tqmtim | ...L‘l& mf(..f.’ﬁ.ds.my.e.....[.}?& el b0%.......
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(i) [Cr(H20)3_(0H)3] reacts

FD
ko I
With an excess of NH,(aq) to form [Cr(NH)g]>*.

Complete the equat
7'1e the equation for this reaction. State the type of reaction.

000 + ota.. 2 [oremidd™ A 3Ha0. 43w
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(8) [Cr{H,0),{0H).] shows stereoisomerism. e

Draw three-dimensional diagrams in Fi 1.2to sL . Lo
AW three: diagre Figure 1.2 to suggest the two stereocisomers
Of [Cr(H,0)4(OH),].
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@ @ an queous solution of iron(I1l) fons, Fe
selution is acidic in a similar way to an aqueo

3+ contains the [Fe(H,0)el** complex ion. Thyg
us solution of AI®*.

. s ion in your answer.
Suggest why a solution of Fe3* is acidic. Include an equation in y

...........................................
............................................
---------------------------------------------

(i)  An aqueous o

¢ olution of i i 2+ contains the [Fe(H,0).]?* complex ion. This
solution s glq of iron(II) ions, Fe?*, [Fe(H,0)gl

0 acidic,

Predict how the pH of 1,00 mol dm-3 Fe2*(aq) differs from the pH of 1.00moldm™
Fe®*(aq). Explain your answer.

---------- ff.......}uﬁa....!.ewg:r L2 e I ol PO M L €t o
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............ ]ﬁ...hﬁs-...h:;jhem...oharre...[m«.({....raa’.-.ﬁ...{.h@hen.dafye..m(M'ﬁg
..................................................................................................................................... [1]
() Suggest why solutions of silver() salts are colouriess.
................ @....oA... cubchel oo i U B R
............ %darlnfaftéfw“ﬂ@ffx
................. @......Canﬁt...af.és.qrt!?....{iﬂ.’m‘.....m...tft.ﬁ.....u.’n.s]ﬂﬂ.....&Fect.mm................,..
............... na....o{:a{....ﬁmn&ii.im....l..zu*z.....{’!fﬂ.ct}.vn.....tJszr.a&,siIin.q.................................. [2]



B

MmN D s RSO

PONOTWRITE I This maneyy

W

DO NOT WRITE

DO NOT WRITE IN THIS MARGIN

T

DONOTWRITE IN THiS MARaiN

' 003{]300000005 2 =
D

LT h

ate! a I

5.00g of this mixture is di in disti
issolv '
fes o i ed in distilled water and made up to 500cm? in a volumetric

Two different titration experiments are carried out using A.

In the first experiment, 25.0cm3 of A requires 21.80cmd of acidified 0.0250 mol dm=2

MnQ, (aq) to reach the end-point.
2MnO,~ + 5C,0,% + 16H' — 2Mn?* + 10CO, + 8H,0

In the second experiment, 25.0cm? of A requires 13.60cm?® of 0.150 moldm—2 OH{aqg) to

reach the end-point.
H,C,0, + 20H- - C,0,% + 2H,0

Calculate the percentage by mass of Na,C,0, in the mixture.

[M.: Na,C,0,, 134.0]
Mufes Of Mnﬂqﬂ = 0.025 xv0.02180 = l{-ﬁh'g )({ohq
/

I 2~
JMeoles af (P kiR by XUe Y = bty

Judes d-f of> = 0.l80 x 0.0(36 = 2.9% X3
1 filke
Moles of HiGlq= 3% ¥ = |02 XId> -

i M olas J‘f Nﬂ_’t Czﬂq. = }_652&}{0—3 = ."02 )([63 o 3.%\&“64

o
M eles u-[» Naz Gla = 3. 43X %20 = b.8txw
g = Y ox B& = byy

/ Mass  *f -
1508t )

entage by mass of Na,C,0 = rvvewweerers
8 [Total: 20}

d= 184f (838 8
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corresponding metal oxide and

2 Group 2 carbonates decompose On heating to form the
carbon dioxide.

(a) The mechanism for this decomposition involves the carbonate ion breaking down to form
carbon dioxide and oxide ions.
Add two curly arrows to the carbonate ion in Figure 2.1 t0 suggest a mechanism for

this decomposition.

(8]
| iy
/,_] 5 q - O—C=—7=0 +
pa 0
Figure 2.1
[1

(b) The radii of some cations are shown in Table 2.1.

Table 2.1

[ cation Gzt v Cuzt \  pp2 \
[radiusfnm 0.099 0.073 l 0.120 \

Use the data in Table 2.1 to predict the trend in thermal stability of the metal carbonates
containing these cations.

Explain your answer.

PIJCD?, ...... Ban, ] G.r, 8 > C‘\‘CO&

most stable ; ‘. least stable
explanation ......... A....Cﬂiiﬂ.ﬁ...l.lﬂnk ..... TP TY GO Vo 1. (€ T
..................................................... | e
............................... A..less .....f.pi@rm (O
.............. PR s St DL O Al
.......... """"""'"'"""'"""";""'""'".f"""'""""""" .8
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(¢) Suggest why the solubility of the Group 2 sulfates decreases down the group.

................ (WL .#ﬁh.....&f'lf.m 4 bHJ‘J?{.....ﬁéﬂgME.[.){eﬁ fﬁ.nﬂfm‘m".,....
................ ’.—..,.,.,.QHHJQ&........@hﬁﬁ?&&....._.mﬁm
................. ¢3).... atson.. ie&&..,..‘nzTc@W
............................................................................................................................................. 3]

(d) Magnesium hydroxide, Mg(OH)., is sparingly soluble in water at 298K.

(i) Write the expression for the solubility product, K, of Mg(OH),. State the units for K.
- '_N 2t [' H-JI
Ksp a L 3 ] 0
3 -4
21
(ii) A saturated solution of Mg(OH), has a pH of 10.35 at 298K.

Calculate the concentration of hydroxide ions, OH™, in mol dm~3, in this solution.

th' )] o0 et

o P .
foH] = T = 224 X0 \l
concentration of OH™ = .. moldm™ (1}

(iii) Use your answers to 2(d)(i) and 2(d)(ii) to calculate the value of K, for Mg(OH),.

l‘fé.f’ - COJX)H’X{G)XU 24X [y )
= ki) X

-2

bRl Y

[Total: 10}

K for Mg(OH), =
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3 (a) Ethanal, CH;CHO, reacts with
compound B as shown in reaclmn 1

8
CH.,OH, under acidic conditions to form
3 1

B
CH,CH(OCH3), * H,0

H+
reaction 1 CHECHO + 2CH,4 Al

tions of CH,CHO,
The initial rate of reaction is investigated using different starting concentra 3

CH,OH and H*. The results obtained are shown in Table 3.1.

Table 3.1

eXpEfmant .['ﬁ;l%:o] Jﬁ: fr:-!?- Imt[:n'I-I;]m“3 I :Jr:rlnr‘gt:"

1 0.500 0.040 0.100 2.500 x 10~

’7 2 0.500 0.060 0.100 3.750 x 107
[ 3 0.250 0.120 0.300 1.125 x 1072
T 0.250 0.120 0.400 1.500 x 1072

(i) Use the information in Table 3.1 to deduce the rate equation for this reaction.

Explain your reasoning. State clearly which experiments you use in your explanation.

E..-ﬁ..r....l ..... £.2.: TCthot) XIS xefe. xlg....
..................................... Ccﬁa\oﬂ-fmstum{u
......... EaQ“lth)(l&ﬁthe,MSs CA'] . st oret

.........................................................................................................................................

------------------------------------------------------------------------------

............................................ I_‘LH%CHQ]‘E\MOW{R[
W= e [eththo] [ aote) Th)

(ii) State the units of the rate constant, k, for this reaction.
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noth ' ' i
er experiment to Investigate reaction 1 is carried out as shown in Table 3.2

Table 3.2

[CHyOH]/moldm™ | [H*}/mol dm= f

[CH,CHO)/moldm-3
0.250 ‘ 0.250

experiment

0.250
Calculate the initial rate of experiment 5.
b
:
m
£
E -;_-
E initial rate = ..,,,...a.\.a.I.'fJ;.....,.....,. moldm—3s-1 [1]
8 (b) The reaction of propanone, CH,COCH,, with bromine, Br,, in the presence of an
ERG acid catalyst is shown in reaction 2.
| , H+
= reaction 2 CH,COCH, + Br, ——* CH,COCH_Br + HBr
a.
5 - The rate of reaction is first order with respect to [CH,COCH,] and first order with respect to
g [H*] under certain conditions.
§ A three-step mechanism for reaction 2 is suggested.
g ] Complete Table 3.3 to suggest steps 1 and 3 of the mechanism.
o
o Table 3.3

iREL T

[OH

0 |
tHY —> - C- A,

step 1 (fast) Cda.- CH.- CH;,

+
OH OH
step 2 (slow) ” —_— | % S
HSC-—C——CHa H‘.iC——C=GH2

oH
¥
step 3 (fast) CH:," C';T- CH?. -[ sz. — CHg"’ (- CH;,BY '\'H r
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(c) Catalysts can be described as homogeneous or heterogeneous.
Describe the mode of action of a heterogeneous catalyst.
.Jmoi(.....wmhn ............ '
fa rocddwits ... Je,wlzei....._,..

abassasanasEsAE R R R R R AR 3
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® what is meant by partition coefficient, K

................... T attl.a......s.zf..... he....(‘mmtmﬁm......
........................................ between .. two. immisable solvents
....................................................................... ot ET’..uifiérmm [1]

(b) Ethanedioic acid, H,C,0,, is more soluble in water than in the organic solvent ethoxyethane.

2.70g of ethanedioic acid is shaken with a mixture of 50 cm? of ethoxyethane and 50cm?® of
water at 298K and left until there is no further change in concentrations.

The ethoxyethane layer requires 16.5c¢m? of 0.200 moldm™=3 NaOH(aq) for
complete neutralisation.
H,C,0, + 2NaOH — Na,C,0, + 2H,0

Calculate the partition coefficient, K, for ethanedioic acid between ethoxyethane and water

Tnitial Mobs o (CBot), = 27(90 = 003
: N"{"& ‘9{ Naeﬂ = 0.0[bfxo =0.0033

0.p0bb [2 = 0'09[{11'
0.03 —0.00(63 = 0.01831

Do W.wnytg_in-ms MARGIN

- e

ether . N (,Cooh)zj- =

Ho N (COOHt =
. 13l

SR WRWE'NTHSMARGm AT

(c) The formula of ethanedioic acid is HOOCCOOH

The formula of butanedioic acid is HOOCCHchz(:OOH.

Both acids are soluble in ethoxyethane and in water
¢ acid between ethoxyethane and water

f Ko OF utanediol ethoxyethane and water.

he value O
Suggest how the Kp “for ethanedioic acid between

compares to the value of

Explain your answer.

wtz%k/( La hJ}JEr ............................................................................
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5 (a) Define standard electrode potential, £, including a description of standard conditions.
N between. o SHE...andl..avather... flerode.........

el ol ... Lottt ?-,?3! ....................... T
all. Selwtions... J:mnj LM Lo e

B T

---------------------

(b) Table 5.1 shows the standard electrode potentials for three redox systems.

Table 5.1
redox system electrode reaction E°IV ]
1 Fe¥* + e = Fe2* +0.77 I
2 NO,~ + 10H* + 8e~ = NH," + 3H,0 +0.87 I

3 Zn? + 2e” = In 076 | :

{i’,l ‘Use the qurmgmon m Table 5.1 to wnte equat:gns far two reachons thal are feasible.

Explain why these reaciions are feasrble

.
- e i .
A

l-f-f "
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(ii))  An electrochemical cell is set up to measure E° for redox system 2 in Table 5.1.

Complete Figure 5.1 to show a labelled diagram of this electrochemical cell.

Include all necessa

A ry substances and relevant pieces of apparatus needed to
measure E°, '

Itis not necessary to state the conditions used.

Ho>
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(c) Compound K reacts with an excess of hot NaOH(aq).

Flguro 8 3

;«Pwﬂ- The produats are isolated from the reactlun mixture at pH 10.
1 :

'ﬁ R Draw the stmctures of the two organic products of the complete alkaline hydrolysis of K.
Ll -




9(b)(i) | M1 step1 conc. HNO; AND conc. H2SO4  [1]
M2 step2 Sn AND conc. HCI [1] ?
9(b)(ii) P
step 2
HsC NO, + ... 6[H] . —— HC NHz + 2H,0...... 1
[1]
9(c)(i)
+
H4C N==N __*
3 1) H,C N—N B 1
[1]
Question Answer Marks
9(c)(ii) M1 step1 NaNO. & HCI /HNOz AND 10°C [1]
M2 step2 alkaline / NaOH
AND
SO Na*
2

OH

[1]




