14.5 extra questions ms

1.
B

2.
(a)
TiCl4 + 4Na  Ti + 4 NaCl  (1)
TiCl4 + 2H2  Ti + 4HCl  (1)
2


(b)
forms TiC  (1)
1

(c)
+3  (1)
6  (1)
2

(d)
(i)
replacement of one ligand by another  (1)
(ii)
[Ti (H2O)4Cl2]+ + 2 H2O  [Ti (H2O)6]3+ + 2Cl–  (1)
(iii)
change of ligand  (1)
3

(e)
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[9]

3.
(a)
         Formula [CuCl4]2– (1)
         Colour Yellow – green (1)
         Shape Tetrahedral (1)
3

(b)
(i)
Equation 
[Cu(H2O)6]2+ + NH3  [Cu(H2O)5 NH3]2+ + H2O (1)
Expression 
[image: image2.wmf]]
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(ii)
Formula 
[Cu(NH3)6]2+ (1)
3


(c)
(i)
Iodine (1)
(ii)
Reducing agent (or electron donor) (1)
2

 [8]

4.

(i)
multidentate
(1)
or polydentate
    hexadentate
    sexadentate

(ii)
moles EDTA = 36.2 × 0.0168 × 10–3

 = 6.08 × 10–4
(1)
moles Co2+ = moles EDTA 
(1)
moles Co2+ in 1 dm3
= [image: image3.wmf]25
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(1)
= 0.0243
(1)
(iii)


	AgNO3 (1)
weigh[image: image4.wmf]AgCl (1)
or titrate
	Na2CO3 (1)
weigh[image: image5.wmf]CoCO3 (1)
	Evaporate/use oven
weigh[image: image6.wmf]CoCl2


-

	NaOH (1)
ignite ppt
in air, weigh
Co2O3.
	uv-vis or
colorimetry (2)
	atomic
absorption (2)


[7]

5.

(i) excess  (1)
     HCl  (1)
any given Cl–, Br–


filter  (1)
Cu2+ in filtrate  or  removes AgCl  (1)
(ii)
to AgCl ppt  (1)
add NH3  or  Na2S2O3  or  NaCN solution  (1)
6

[6]

6.
(a)
+1 or Cu+  (1)
1s2 2s2 2p6 3s2 3p6 3d10 or Ar 3d10  (1)
3d sub-shell is fully filled  (1)
3

(b)
Cu C1[image: image7.wmf]–

2

4

 (1)
Tetrahedral  (1)
2

(c)
Oxidising agent  (1)
1

(d)
2e– + 2H+ + H2O2  2H2O  (1)
1

(e)
CuC1[image: image8.wmf]–

2

4

+ 6H2O  [Cu (H2O)6]2+ +4C1–  (1)
Ligand, or electron pair donor  (1)
or Lewis base
2

[9]

7.

(i)       green–blue[image: image9.wmf]  or  pink[image: image10.wmf] ppt  (1)
           [Co(OH)2(H2O)4]  or  Co(OH)2  (1)
(ii)
goes brown  (1)
[Co(OH)3(H2O)3]  or  Co(OH)3  (1)

or  CoO(OH)
4

[4]

8.
(a)
Co2+ [AR] 
3d7  (1)
1

(b)
(i)
3 (1)

(ii)
two donor atoms or 2 lone pairs bond  (1)

(iii)
6  (1)

(iv)
1 Cl– available or ionic structure  (1)
2 Cl are covalently bonded  (1)
or strongly bonded or complex ion stable
5

(c)
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or 1 bridging and 1 chelating NH2NH2
2

[8]

9.
(a)
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(b)
many atoms  (1) donate  (1)
or many lone pairs  (1) forming co-ordinate bonds  (1)
2


(c)
(i)
blue or blue-green  (1)
[Cu(OH)2 (H2O)4] or Cu (OH)2  (1)
(ii)
EDTA bonds to Cu2+  (1)
strongly  (1)
or so no aqua ion present to hydrolyse
4

(d)
moles EDTA = [image: image13.wmf]1000

01

25

×

´


= 2.5 × 10–4  (1)


= moles Cu2+  (1)
mass of 1 mole = [image: image14.wmf]4
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´

 = 249.6 or 250  (1)
CuSO4 = 1595  (1) or 160

n H2O  = 249.6 – 1595 = 901  (1)
    n=[image: image15.wmf]18

1

90

×

 = 5  (1)
OR 
moles EDTA  (1)

= moles Cu2+  (1)

CuSO4 = 159.5  (1)

mass CuSO4 = 0.0398 g  (1)

mass H2O = 0.0226g  (1)

[image: image16.wmf]18
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×

 = 1:5  (1)
6

[13]

10.
(a)
Electron pair acceptor (1)
(b)
Formula of gas
CO2 (1)
Formula of precipitate
V(OH)3 or [V(OH)3(H2O)3] (1)
2

[3]

11.

(i)      Yellow-green species
[CuCl4]2– (1)

Shape 

tetrahedral (1)

Oxidation state of copper 
+2 (1)
(ii)
[CuCl4]2– + 6H2O [image: image17.wmf] [Cu(H2O)6]2+ + 4Cl– (1)
(iii)
Cu+ has full d-shell ([Ar]d10) (1)
5

[5]

12.
(a)
A shared electron pair or a covalent bond (1)
Both electrons from one atom (1)

OR when a Lewis base reacts with a Lewis acid
Mark points separately

(b)
Brønsted-Lowry acid: A proton or H+ donor (1)

Not H3O+

Lewis acid: A lone or electron pair acceptor (1)
2

(c)
Two atoms or two points of attachment (1)
Each donating a lone electron pair (1)

OR forms 2 (1) co-ordinate bonds (1)
OR donates two (1) pairs of electrons (1)



2

(d)
Change in co-ordination number: 6 to 4 (1)


Reason for change: chloride ligands are larger than water ligands (1)
OR greater repulsion between chloride ligands
DO NOT allow chlorine or Cl



2

(e)
Same number (1), and same type of bonds (1), broken and made
2

(f)
ClNH3CH2CH2NH3Cl (1)

OR (NH3CH2CH2NH3)2+ 2Cl–
Allow C2H10N2Cl2 and NH3ClCH2CH2NH3Cl



1

[11]

13.
(a)
(i)
[Cu(H2O)6 ]2+ (1)
1
(ii)
[Cr(H2O)6 ]3+ (1)
1

(b)
(i)
CuSO4 + 2NaOH  Cu(OH )2 + Na2SO4 (accept ionic) (1)
1

accept [Cu(OH)2 H2O)4]

(ii)
Cr2(SO4)3 + 12NaOH  2[Cr(OH)6]3– + 3Na2SO4 + 6Na+ (1)
1


or Cr2(SO4)3 + 8NaOH  2[Cr(OH)4[H2O]2]– + 3Na2SO4 + 2Na+ +4H2O 
or Cr3+ +6OH–  [Cr(OH)6 ]3–
or Cr3+ +4OH– + 2H2O  [Cr(OH)4(H2O)2]– 

 [4]

14.
(a)
(i)
LB = electron pair donor
(1)
RA = electron donor
(1)
(ii)
Any rn in which Br– donates lone pair
(1)
e.g. [Co(H2O)6]2+ + 4Br–  CoBr[image: image18.wmf]–

2

4

 + 6H2O
H+ + Br–  HBr; CH[image: image19.wmf]+

3

 + Br–  CH3Br; AlBr3 + Br–  AlBr[image: image20.wmf]–

4



Any rn in which Br– acts as RA
(1)
e.g. 2Br– + Cl2  Br2 + 2Cl–; 2HBr + H2SO4  Br2 + SO2 + 2H2O

4
(c)
green ppt (1) effervescence (1)
[Cr(OH)3(H2O)3] or Cr(OH)3 (1)
ppt (1)
CrCO3 (1)

5

[9]
15.
(a)
C 22.15/12 = 1.85
/0.308 = 6 



Fe 34.46/56 = 0.615
/0.308 = 2 


N 25.85/14 = 1.846
/0.308 = 6



K 12.00/39 = 0.308
/0.308 = 1



H2O 5.54/18 = 0.308
/0.308 = 1 





2



So empirical formula = KFe2(CN)6.H2O




2


(b)
(i)
A:
[Cu(H2O)6]2+



B:
CuCl42-



C:
CuCl2-



D:
[Cu(NH3)4(H2O)2]+



E:
[Cu(NH3)4(H2O)2]2+





5


(ii)
step 1
Cu2O(s) + 2H+ + 5H2O ( Cu + [Cu(H2O)6]2+

1




disproportionation





1




step 2
[Cu(H2O)6]2+ + 4Cl- ( CuCl42- + 6H2O


1





ligand substitution





1




step 3
CuCl42- + Cu ( 2CuCl2-




1




reduction






1




step 6
[Cu(NH3)4(H2O)2]+ (  [Cu(NH3)4(H2O)2]2+ + e

1





oxidation






1



(iii)
d-orbitals all full






1

[18]

16.
 Changes
formulae   (CuCl4)2– (1) [Cu(H2O)6]2+
(2)

Colour       yellow-green (1)  blue (1)
(2)

shape         tetrahedral (1)  octahedral (1)
(2)

Co-ordination number   4  6 (1)
(1)
7
 [7]

17.
(i)
Pt 65.00/195 = 0.333
/0.308 = 1 



N 9.33/14 = 0.666
/0.333 = 2 



H 2.00/1 = 2.000
/0.333 = 6



Cl 23.67/35.5 = 0.667
/0.333 = 2





4


So empirical formula = Pt(NH3)2Cl2





1



Unit formula mass = 300






1


So formula = Pt2(NH3)4Cl4






1


P = PtCl42-












Q = Pt(NH3)42+







2
9

(ii)
R = [Pt(NH3)Cl3]-


S = [Pt(NH3)3Cl]+







2
2

(iii)
[Pt(NH3)Cl3]- + NH3 ( [Pt(NH3)2Cl2] + Cl-




2


[Pt(NH3)3Cl]- + Cl- ( [Pt(NH3)2Cl2] + NH3




2
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[17]

18.


2 characteristic properties

complex formation  (1)          coloured ions  (1)
must be for Co specifically, or be in part (a)(i)

A list of all 4 properties does not score. Must be allocated to (a)(i) and (ii)
2

Equation & changes

ignore ss, missing or wrong

[Co(H2O)6]2+ + 4Cl–  [image: image23.wmf] [Co(Cl)4]2– + 6H2O  (1)
allow 
1

[Co(H2O)6]2+  (1)                   [Co(Cl)4]2–  (1)  identified

or in equation
2

pink 

(1)
blue               (1)
2

octahedral
(1)
tetrahedral      (1)
2

CN = 6
(1)
CN = 4           (1)
2

allow 6 ligands                      4 ligands

Penalise oxidation state change –1
ie MAX 10

[10]

19.
 
Yellow green copper species [CuCl4]2– (1)
Equation; Cu + [CuCl4]2– + 4Cl–  2[CuCl4]3–
Species (1)

Balance (1)
Copper acts as reducing agent (1)
Not coloured as d sub-shell full (1)
Copper in CuCl is in oxidation state +1 or
No absorption of light as electron transitions not possible (1)



6

[6]

20.
(a)
forms more than one coordinate bond per ligand to a metal ion (1)
ion containing one or more ligands attached to a metal ion by means of

 a coordinate bond (1)

total number of coordinate bonds formed between the metal ion and

the ligands in a complex ion (1)

replacement of water ligands in a complex ion by different ligands (1)
4


(b)
(i)
Ca(H2O)62+ + EDTA4- ( Ca(EDTA)2- + 6H2O (1)



S will be positive and large (1)




because there are 7 particles on the right and only two on the left (1)


(ii)
6 coordinate bonds between edta4- and Ca2+ (1)




4 from O atoms, 2 from N atoms (1)




octahedral structure (1)



(iii)
moles of edta4- = 18.6/1000 x 0.01 = 1.86 x 10-4 (1)



moles of Ca2+ = 1.86 x 10-4 (1)




total concentration of Ca2+ = 1.86 x /25 x 1000 = 7.44 x 10-3 moldm-3 (1)




moles of edta4- = 11.6/1000 x 0.01 = 1.16 x 10-4 (1)




so moles of Ca2+ = 1.16 x 10-4 (1)




so moles of Ca2+ precipitated = 1.86 x 10-4 – 1.16 x 10-4 = 7 x 10-5 moles (1)




so mass of CaCO3 = 7 x 10-5 x 100.1 = 7.01 x 10-3 g (1)

13

(c)
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all clearly octahedral (1)


all 3+ (1)



all clearly showing 6 bonds between N and C (1)



1,2-diaminoethane complex correctly drawn (1)

Cr(H2O)63+ + 6NH3 ( Cr(NH3)63+ + 6H2O (1)



5
[22]

21.
(a)
Identity of A;
ethane-1,2-diol or 1,2 dihydroxyethane or ethylene glycol or formula (1)

N.B. Do NOT allow OHCH2CH2OH unless a correct name is also given


K2Cr2O7 / dilute H2SO4 or dilute HCl or K2Cr2O7 / H+
N.B. Oxidising agent must be a reagent
N.B. Do NOT allow concentrated H2SO4


Reflux or warm or heat (1)

Ignore temperature if given
N.B. If a temperature given on its own it must be at or below 200°C


Anion: [image: image27.wmf]O

O

O
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C

 (1)
N.B. Do NOT allow C2O42–
N.B. Ignore lone pairs of electrons



4

(b)
Structure : 
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correct co-ordination (1)
bonding trough six correct oxygen (1)

Score 2 or zero
N.B. Not essential to show double bonds i.e. C=O in structure


Explanation:
Substitution produces more molecules or particles or more disorder (1)
Entropy change is positive (1)
4

 [8]

22.
(a)
C2O42– or H2NCH2CH2NH2 (1)
1

(b)
[AgCl2]– or [Ag(CN)2]– or [Ag(NH3)2]+ (1)
1

(c)
e.g. [Co(H2O)6]2+ + 4Cl–  [CoCl4]2– + 6H2O
Correct complex species (1), Balanced (1), Only allow if species correct
2

(d)
e.g. [Co(H2O)6]2+ + 6NH3  [Co(NH3)6]2+ + 6H2O
Correct complex species (1), Balanced (1), Only allow if species correct
2

(e)
Equation: [Co(H2O)6]2+ + EDTA4–  [Co(EDTA)]2– + 6H2O (1)
Explanation: More molecules on right hand side (1)
Entropy increases (1)
3

[9]

23.
(a)
(i)
coordinate / dative / dative covalent  (1)
1

(ii)
octahedral  (1)
tetrahedral / square planar  (1)
2

(iii)
any blue not blue-green or green  (1)
to yellow / green  (1)
2

(b)
(i)
any blue precipitate

royal / darker / deep blue solution not just blue  (1)
if solution said to form before precipitate then 0 marks
2

(ii)
[Cu(NH3)4(H2O)2]2+ only  (1)
1

[8]
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