Transition metal Chem.
5.3.2 a. A transition element forms at least one stable ion with a partially full d-subshell.

A d-block element differs from its previous element by an electron in the d-subshell.

All transition elements are d-block elements, but not all d-block elements are transition elements. Examples of non-transition elements in the first row of block d are Sc and Zn.
5.3.2 b. derive the electronic configuration of the atoms of the d- block elements (Sc to Zn) and their simple ions from their atomic number.
You can read atomic subshell directly from the periodic table according to which block comes first: 
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1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p etc
With exception of Cr and Cu, e-config in d-block subshell can be read from the periodic table by simply counting along (left to right) using atomic number. 
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Fe is the 6th element along so it has 4d6 configuration in the d-subshell. See below for Cr and Cu exception.
	Atomic

number
	
	
	O.S’s formed

Bold = most stable 
	Notes:

	19
	K
	[Ar] 4s1 3d0
	
	When emptying d-block atoms to make ions, always remove 4s e- first before 3d


	20
	Ca
	[Ar] 4s2 3d0
	
	

	21
	Sc
	[Ar] 4s2 3d1
	+3
	

	22
	Ti
	[Ar] 4s2 3d2
	+2 +3 +4
	

	23
	V
	[Ar] 4s2 3d3
	+2 +3 +4 +5
	

	24
	Cr
	[Ar] 4s1 3d5
	+2 +3 +6
	

	25
	Mn
	[Ar] 4s2 3d5
	+2 +3 +4 +6# +7
	

	26
	Fe
	[Ar] 4s2 3d6
	+2 +3
	

	27
	Co
	[Ar] 4s2 3d7
	+2 +3
	

	28
	Ni
	[Ar] 4s2 3d8
	+2 +3 +4
	

	29
	Cu
	[Ar] 4s1 3d10
	+1 +2
	

	30
	Zn
	[Ar] 4s2 3d10
	+2
	


Table 1. Oxidation states of the transition d-clock and transition metal ions
Cr: repulsion energy in 4s subshell is greater than energy difference between 4s and 3d so 4s1 3d5 configuration is the most stable atomic e- config.

Cu: Similar argument as Cr. By having 4s1 3d10, the small extra % repulsion in 3d is more than compensated by lack of repulsion in whole 4s subshell
Various ionic electronic configurations:
Cr2+ = 3d4 4s0
Mn2+ = 3d5 4s0
Fe3+ = 3d5 4s0
V3+ = 3d2 4s0
Cu2+ = 3d10 4s0
Cu2+ = 3d10 4s0
Note: Never get single ions with greater than a +3 ionic charge. Higher O.S.’s only possibly via oxo anions etc, e.g. MnO4- and Cr2O72- MnO2.

5.3.2 c. Discuss the evidence for the electronic configurations of the elements Sc to Zn based on successive ionization energies
When emptying d-block atoms to make ions, always remove 4s e- first.

n atom, 4s e- are removed first.
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Although not mentioned in the specification(syllabus), this is graph of the FIRST ionisation energies of the elements is interesting. The first row transition elements have been highlighted using a ‘U’ shaped bracket. The variation in ionisation energy (IE) is very low (as one would expect from metals, which lose e- on reaction) but they are fairly consistent values. What’s happening is the e- is being removed from the 4s subshell every time.
Successive ionisation energies: 
Data from Pearson A2 page 169

	Atomic

number
	
	1st IE
	2nd IE
	3rd IE
	Notes (remember 4s e- are removed first!)

	19
	K
	
	
	
	

	20
	Ca
	
	
	
	

	21
	Sc
	631
	1235
	2389
	[Ar] 4s2 3d1

	22
	Ti
	658
	1310
	2653
	[Ar] 4s2 3d2

	23
	V
	650
	1414
	2828
	[Ar] 4s2 3d3

	24
	Cr
	653
	1592
	2987
	[Ar] 4s1 3d5

	25
	Mn
	717
	1509
	3249
	[Ar] 4s2 3d5

	26
	Fe
	759
	1561
	2958
	[Ar] 4s2 3d6

	27
	Co
	758
	1646
	3232
	[Ar] 4s2 3d7

	28
	Ni
	737
	1753
	3394
	[Ar] 4s2 3d8

	29
	Cu
	746
	1958
	3554
	[Ar] 4s1 3d10

	30
	Zn
	906
	1733
	3833
	[Ar] 4s2 3d10


And here’s a pic of a graph from Page 160 of Edexcel Chemistry for A2 (Hodder) by Graham Hill and Andrew Hunt (ISBN: 978-0-340-95930-5
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Personal comment:  In my opinion, the table of data and graph is pretty tricky to interpret without first being told what it means! And some of the interpretations I’ve seen do appear to ‘fix te data around their theory’ and there ‘read’ things into the data which (as mentioned) are difficult to interpret. Oh well, so here goes with ‘prepping’ you on how to read the data/graph:

1. By far the most important point is that as you remove e- successively, there is little difference in IE. One might expect a big jump when the e- are removed from the 4s and then the 3d as the energy shell is changing, however this big jump is not observed. The conclusion is they have similar energies. Actually sometimes they don’t give you this info (as you can see from Pearsons tabulated data or Hodders graph both of which stop before any 3p e- is removed!, however G.Facers A2 book p211 does give that data)
There are a number of other points.
2. Looking closely at the graph it seems like in general / overall, for each element, a small jump can be seen after two electrons were removed. Indicating it’s the 4s electrons that are removed first (as you have been told actually happens).

3. Cr and Cu were seemed to be somewhat unusual as having higher than expected IE’s even though they are in the ‘middle’ of the series. It suggests the 2nd e- to be removed experienced noticeably greater nuclear attraction (often said: because it’s nearer to the nucleus) than the first. The implication is Cr and Cu don’t have 4s2 but instead have 4s1 so the 2nd e- removed comes from the 3d subshell.

4. I’ve seen this next interpretation in which the theory imposing itself on the data is really quite silly indeed, is that removing the 1st e- from Mn is ‘lower’ ‘than expected’. The reason is of course said to be because of the repulsion of each e- in the 4s2 results in the easier loss of one of those electrons. And I’ve also seen this said about Zinc which is a pretty insane claim really.
5.3.2 d. General properties of transition elements:
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Exam questions have previously asked: “Other than forming different coloured ions in solution, give one other property of transition elements”
5.3.2.d.i) Variable redox state of Vanadium
+V O.S. to +IV O.S 
VO2+(aq) + 2H+(aq) + e-
[image: image4.png]


 VO2+ + H2O   
E(= +1.00 V

+IV O.S. to +III O.S 
VO2+(aq) + 2H+(aq) + e- 
[image: image5.png]


 V3+(aq) + H2O 
E(= +0.34 V

+III O.S. to +II O.S 
V3+(aq) + e- 


[image: image6.png]


 V2+ 


E(= -0.26 V

Zn(s) [image: image7.png]


 Zn2+(aq) + 2e-  E( = -0.76 Volts, so Zn(s) will reduce any oxidation state of V to +II (in the absence of air) To reduce to a desired oxidation state, choose a reducing agent with an E( value more negative than E( of the reaction yow want to do but more negative than the E( value of oxidation state you don’t want to get to.

e.g. if you want to go from VO2+(aq) to VO2+(aq) (E(= +1.00 V ) and you don’t want to go further from VO2+(aq) [image: image8.png]


 V3+(aq) (E(= +0.34 V) then Fe3+(aq) + e- [image: image9.png]


 Fe2+(aq) (E(= +0.77) the reaction would of course be Fe2+(aq) [image: image10.png]


 Fe3+(aq) + e-

Note: The reaction will be spontaneous but the overall E(cell value will give us no indication at the rate at which the reaction will occur.
5.3.2 d.iii) Complex ions.

A complex (or complex ion) consists of a metal ion which is bonded to a ligand via a coordinate bond (i.e. dative covalent bond). A ligand is a molecule or ion with a pair of electrons available to form a coordinate bond. (same concept as a nucleophile but here, the ‘ligand’ is used in the context of bonding to a metal ion).

Typical ligands:

-:CN ( CO > en > NH3 > H2O ( (COO-)2 {ethandioate dianion} > OH- > F- > NO3- > Cl- > Br- > I-
These are arranged in the spectrochemical series. The ligand to the left forms the strongest bonds to the metal ion and causes the greatest crystal field splitting. (see later) in descending order of splitting (d-subshell splitting). 
5.3.2 d.iii) continured - Ligands,  ‘DENTATE’ :
Dentate describes how many bonds a ligand can make with a metal ion.
The analogy is how many teeth make up a bite. The bite being when the ligand forms bonds with the metal ion.
Monodentate ligands can make one bond to the metal ion, bidentate ligands make two, tridentate three, tetradentate=four, pentadentate five and hexadentate 6.

Example of Monodentate ligands: -:CN ( CO > en > NH3 > H2O  > OH- > F- > NO3- > Cl- > Br- > I-
bidentate ligand = ethylenediamine (sometimes just called ‘en’ for short)
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e.g. 
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EDTA is a common component of foodstuffs and cosmetics. It can prevent metal ions from interacting with other chemical species by surrounding or ‘chelating’ (form the Greek: kelos meaning claw) with the metal ion. Compounds like EDTA are called chelating agents.EDTA using all of its 6 available electron pairs. It can also be administered as medication to treat metal ion poisoning e.g. ingestion of toxic Pb2+ ions.
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5.3.2.e) Shapes of complexes.
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Diagrams from chemguide: http://www.chemguide.co.uk/inorganic/complexions/shapes.html

Linear: [CuCl2]- << Note the -1 charge on the complex. Also worthy of note is here, Cu is in the +I O.S. and in this complex, the Cu+1 ion is actually ‘protected’ from disproportionating in aq. solution into Cu and Cu2+. 

Recall the shapes of complex ions limited to linear [CuCl2]-, planar [Pt(NH3)2Cl2], tetrahedral [CrCl4]- and and other aqua complexes
5.2.d.ii) Ligands, and the origin of Colour in transition metal complexes.
When ligands bond to the metal, the e- density in the ligand can interact with the 3d orbitals, causing repulsion. 



Say 6 ligands coordinate with a metal ion to make an octahedral shaped complex, the ligands along the axes will overlap head on with the dz2 and the d(x2 - y2) orbitals, which are orientated along the axes, hence these two orbitals will experience greater ligand-orbital repulsion compared to those orbitals in-between the axes i.e. dxy dxz dyz. The once degenerate(i.e. equal energy) d-subshell becomes divided into different energy levels.



In a tetrahedral arrangement, the ligands overlap more with the orbitals in-between the axes making dxy dxz dyz move to a higher energy relative to dz2 and the d(x2 - y2) orbitals. The energy split in an octahedral complex is generally greater than the split in an tetrahedral complex.

The splitting of the d-subshell by ligands (as illustrated in the diagram above) is the basis for explaining why complex ions exhibit colour. If a higher energy orbital in the split d-subshell has ‘room’ i.e. a vacancy for an electron from a lower energy 3d orbital, the energy difference of the split orbitals, usually corresponds to the energy of visible light. So if white light is shone on the complex, the frequency of light that exactly matches the energy gap, will be absorbed and the electron in the lower 3d orbital gets promoted into the higher 3d orbital. The human eye sees the remaining unabsorbed colours.
If the ligand changes, the repulsions between the ligand and 3d orbitals will change, hence, so will the energy gap of the split 3d subshell. So a different frequency of light will then be absorbed and the complex will appear to be a different colour.

Changing ligands leads to a change in the colour of the complex ion.


DO NOT get this explanation of colour for transition metal complex ions confused with emission that was happening in flame tests. And do be careful not to use the word orbital e.g. “splitting the 3d-orbitals” in place of subshell!
Change in coordination number (number of ligands around the metal ion)
Will also change colour of complex.
Metal ions that have a FULL 3d-subshell will not absorb colour in the visible region of the electromagnetic spectrum and hence all frequencies of light will be transmitted through the solution. Therefore they will look colourless. E.g. hot aq. [CuCl2]- {hot water} ( Note: Cu is in the +I O.S. here. The Cl ligands stabilise the Cu+I from undergoing disproportionation.  Another example is [Zn(H2O)6]2+ (aq)  which like Cu+I has a full d-subshell. Sc(H2O)6]3+ is also colourless as it has no vacancies in the 3d subshell – all 3d orbitals are occupied with the e-pair from the ligands when it makes the coordinate bond to the Sc3+ ion.

COMPOUNDS look white (e.g. CuCl,  CuI,  Zn(OH)2  etc)  for the same reason as the complex ions look colourless: No light is absorbed!. But with solids, light is scattered off the solid surface and not transmitted through as in the case of solutions.
Oxidation states of Vandadium and colours of its ions.
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Zn is a strong enough reducing agent to go from +V O.S. to +II, but for the last step, air must be excluded when going from +III to +II

General colour changes illustrated:
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5.3.2.d.iv) Catalysis by transition metals.
Transition metals can form a range of oxidation states. The energy needed to do this is relatively low. This is an important factor in their role as catalysts.

· e.g. Vanadium V) oxide in the contact process…

In the absence of V2O5, 1 mole of SO2(g) reacts with ½ a mole of O2(g) to form SO3(g)

In the catalysed reaction pathway, the SO2(g) actually reacts with V2O5, forming V2O4 , which contains vanadium in the +IV state, showing the SO2 reduced the V2O5. Then, the O2(g) reacts with the V2O4 to reform V2O5 again. The V2O4 is oxidised back to the +V state by O2(g). In the catalysed reaction pathway, the O2(g) didn’t react directly with the SO2(g).
In terms of equations:

SO2(g) + V2O5(s) ( SO3(g) + V2O4(s)

½ O2(g) + V2O4(s) ( V2O5(s)

Overall: 

SO2(g) + ½ O2(g) ( SO3(g)
Overall, the energy requirements of the steps in the catalysed reaction are lower than the step in the non-catalysed reaction, resulting in the catalysed reaction happening quicker. The V2O5 is not consumed overall and so conforms to the definition of a catalyst.

Here, the vanadium compounds were in a different phase to the reactants and is called a heterogeneous catalyst.
· Fe in the Haber process.
Overall: N2(g) + 3H2(g) ( 2NH3(g)
The e- in the H-H(g) sigma bond form a weak bond to the Fe. In doing so it dissociates making Fe-H bonds. N2(g) does the same (and is the rate determining step for the catalysed reaction). The H atoms and N atoms then react forming NH bonds. This is repeated until NH3 forms after which the NH3 leaves the surface of the catalyst. A simplified scheme is given below:
Other example: S4O82- + 2I- ( 2SO42- + I2   but with Fe2+ or Fe3+ present: S4O82- + 2Fe2+ ( 2SO42- + 2Fe3+    and then    2I- + 2Fe3+  ( I2 +  2Fe2+

[image: image13.wmf]H

H

N

N

H

H

N

N

H

H

N

N

H

N

H

N

H

H

Iron surface

weak bond

atoms dissociate

(or partially)

weak bond

N-H bonds form

When NH

3

 forms, it

leaves the surface

gaseous

molecules

moleccules form weak bonds

with metal surface


A similar catalysis process occurs between H2 and ethane on a Ni surface.
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The ‘flat’ surface of the metal is a simplification. In reality, it is usually the microscopic pores in the material (called ‘active sites’) where the catalysis happens.
In car exhausts, Pt/Rh catalysts are employed. Carbon monoxide and NO, both toxic gases, (CO particularly hazardous) are oxidised in a ‘catalytic converter’ attached to the exhaust system of cars.

CO(g) + 2NO(g) ( CO2 + ½ N2(g)

It is necessary to ensure the burnt fuel does not produce compounds that would ‘poison’ the catalyst or CO and NO oxidation would not take place. Compounds of Lead which was present is older petrol fuel has been removed from modern fuels for this reason. The lead would block the ‘active’ sites on the catalyst rendering it useless.

The metals can be recycled even though the amount of expensive Pt is quite small.  

5.3.2.f.i) At this point, it is troublesome to follow the specification/syllabus in a linear / consecutive step-wise fashion. So general information and concepts are given here. Specific discussion of Cr and Cu will be given at the end.
Deprotonation reactions – aqua complexes to coloured hydroxide precipitates.

Here a base, usually –OH ions, abstract a proton (i.e. a H+ ion)  from a complex ion, most commonly a hexaaqua ion.
If the chemical equation for a deprotonation is written out, it may look as though the –OH ligand is replacing the H2O ligand. i.e.

[M(H2O)6]n+(aq) + OH- ( [M(H2O)5(OH)](n-1)+(aq) + H2O
but it would be an incorrect assumption. The mechanism shows why:



The OH took a H+ from the aqua ligand. It did not replace the original water. Shade in the water ligands in the reactant and the resulting ligands in the product, and using a different colour, shade the OH- base and the original OH in the water molecule formed to make this easy to visualise.

In sufficient base (it doesn’t take much – just a few drops of a 0.1M OH- solution), a second deprotonation may occur and a precipitate may form.

e.g. [Fe(H2O)6]2+(aq) + 2OH- [image: image15.png]


 [Fe(H2O)4(OH)2](s) + 2H2O

This happens for all transition metal complexes. Over time, the precipitate expels water so that we can write an equation such as follows: Note: the real situation is more complicated than this:
[Fe(H2O)6]2+(aq) + 2OH- [image: image16.png]


 Fe(OH)2(s) + 6H2O
The colours of the original precipitates, and their hydroxide precipitates can be used to identify the presence of most transition metal ions and oxidation states. See table later.
Addition of a small amount of aqueous NH3(aq) also forms hydroxide precipitates when added to aqua complexes. The reaction that already took place when NH3 was initially added to H2O shows why:

NH3 + H2O [image: image17.png]


 NH4+ + OH- (aq)

OH- ions are produced which will then deprotonate the complex as before.
It is possible to write deprotonation reactions as if the OH- is not there, i.e as if the NH3 itself is dong the deprotonation. E.g.

[Fe(H2O)6]2+(aq) + 2NH3 [image: image18.png]


 Fe(OH)2(H2O)4(s) + 2NH4+(aq)
Writing deprotonations in this way may be easer, and one can also write an equation based on the one above to show the expulsion of water (if one wishes)…

[Fe(H2O)6]2+(aq) + 2NH3 [image: image19.png]


 Fe(OH)2 (s) + 2NH4+(aq) + 4H2O(l)
Most metal hydroxides are insoluble, the exceptions being group 1 and poorly soluble ‘heavy atom’ group 2 hydroxides e.g. Ba(OH)2 and the rare amphoteric metal hydroxides in the presence of excess OH- ions. Most transition metal hydroxides are insoluble.

When Cu undergoes deprotonation, a pale blue aqueous solution gives a pale blue precipitate:

 [Cu(H2O)6]2+(aq) + 2OH-(aq) [image: image20.png]


 Cu(OH)2(s) + 6H2O(aq)

{could write  [Cu(H2O)6]2+(aq) + 2OH-(aq) [image: image21.png]


 [Cr(OH)3(H2O)3] (s) if we wished }

Cu(OH)2(s) remains (as a precipitate) on addition of excess NaOH(aq)
[Cr(H2O)6]3+(aq) + 3OH-(aq) [image: image22.png]


 Cr(OH)3(s) + 6H2O(aq)

Green (or violet/grey) solution forms a green precipitate, which dissolves on addition of excess NaOH(aq)
Cr(OH)3(H2O)3(s) + 3OH-(aq) [image: image23.png]


 [Cr(OH)6]3-(aq)

Remember, reaction with OH- or a small amount of ammonia (which forms a ppte) are deprotonation reactions, not ligand exchange reactions. This is a common misunderstanding among some students. Cr(OH)3 is an amphoteric hydroxide, copper hydroxide is not. Cu(OH)2 will therefore not react further with NaOH(aq).
Al, Cr, Zn, Pb and Sn hydroxides are amphoteric.
Ligand exchange reactons:

Ligands that will form stronger bonds to a metal ion wll displace ligands already bonded to it, however the rate of exchange (or displacement) may occasionally be slow. The spectrochemical series stated previously gives the order of 
-:CN ( CO > en > NH3 > H2O ( (COO-)2 {ethandioate dianion} > OH- > F- > NO3- > Cl- > Br- > I-
NH3 will displace H2O, CO will displace NH3 and so on. Remember OH- will not displace H2O but OH- will deprotonate the aqua complex makng it appear as though it displaces H2O. And care must be talk as to how to use this series. 
When the ligand changes, the splitting of the d-subshell will change hence the colour of the complex will also change.
Cu gives a famous example [Cu(H2O)6]2+(aq) is a pale blue solution (when dilute). Addition of excess NH3(aq) gives a deep blue colour [Cu(NH3)42+] (aq) which is tetrahedral. 
[Cu(H2O)6]2+(aq) + excess NH3(aq) ( [Cu(NH3)4]2+ + 6H2O(l)

Cl- will displace H2O ligands in [Cu(H2O)6]2+(aq) to form tetrahedral [ClCl4]2-(aq) because of equilibrium factors. The high concentration of Cl- in conc. HCl drivers the eqm to the right.

[Cu(H2O)6]2+(aq) + conc. HCl ( [CuCl4]2- + 6H2O(l)

Cr reacts with excess NH3 to form a yellow solution:

[Cr(H2O)6]3+(aq) + excess NH3(aq) ( [Cr(NH3)6]3+ + 6H2O(l)
These are reactions involving 6 individual steps to replace the 6 water ligands. The mathematical product (multiplication) of the individual equilibrium constants gives a measure of the ease at which the exchanges will happen. The log of the number is often used as the numbers are usually very lagem and is called the Stability constant. Log Kstab = K1 x K2 x K3 x K4 x K5 x K6 
	Atomic

number
	
	Aqua complex
	On addition of a few drops of OH-(aq)
	On addition of excess OH-(aq)
	Notes
	NH3 from aqua complex

And excess NH3

	21
	Sc
	
	
	
	
	

	22
	Ti
	
	
	
	
	

	23
	V
	[V(H2O)6]3+
Green
	
	
	
	

	24
	Cr
	[Cr(H2O)6]3+
blueish/green solution in normal stuations.
Violet./Gray solution if from pure salt
	[Cr(OH)3(H2O)3](s)
Green ppte

Note: can write as Cr(OH)3

	Ppte redissolves

Colour = 

green

	Cr(OH)3 is amphoteric
Cr+II is dark violet and unstable in air.
	Cr(OH)3 is amphoteric

	25
	Mn
	[Mn(H2O)6]2+
Pale pink soln.

	Mn(OH)2

Beige/sandy/buff/off white ppte

	
	
	

	26
	Fe
	[Fe(H2O)6]2+
Pale green soln
[Fe(H2O)6]3+
Pale yellow soln
	Fe(OH)2

Dirty green ppte. Oxidises slowly in air to form orange/brown ppte

Fe(OH)3 red/brown ppte – essentially rust.


	
	Oxidises in air to form Fe(OH)3
	

	27
	Co
	[Co(H2O)6]2+
Pink solution
	Co(OH)2 blue ppte {??on standing turn  s pink – possible Co(OH)3??}
	
	 [Co(Cl)4]2+(aq) is tetrahedral and blue coloured
	

	28
	Ni
	[Ni (H2O)6]2+
green solution
	Ni(OH)2
Green ppte
	
	
	[Ni (NH3)6]2+
Deep blue solution.

	29
	Cu
	[Cu (H2O)6]2+
Pale blue solution
	Cu(OH)2 pale blue ppte.

	
	
	[Cu(NH3)4]2+
blue solution.
Some books will say [Cu(H2O)2(NH3)4]2+

	30
	Zn
	[Zn(H2O)6]2+

	[Zn(OH)2(H2O)4](s)
White ppte
	Ppte redissolves

Colourless soln produced
[Zn(OH)4]2-
aqueous 


	Zn(OH)2 is amphoteric
	[Zn(NH3)4]2+
colourless soln
Note: Al(OH)3 does not react with NH3 so Zn/Al and Zn(OH)2/Al(OH)3 can be distinguished.


 from metal Ligand exchange reactions.

Yet more illustrations of colours
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Acidity of complexes:
 +3 hexaaqua complexes (i.e. in solution form) are acidic. The high charge and small size of the metal ion, causes loss of e- density in the OH bond (in the H2O ligand) so much so that water can now act as a base and attack the H in the OH bond of the complex. The mechanism is essentially the same as the deprotonation featured earlier. TRY AND DRAW IT.

The result for say [Cr(H2O)6]3+ (aq) is:

[Cr(H2O)6]3+ (aq) + H2O(l) ((   [Cr(H2O)5(OH)]2+ (aq) + H3O+(aq)

The H3O+(aq) being the hydroxonium ion (the species responsible for acidity in aq. solution)

[Fe(H2O)6]3+ (aq) also does this.
Copper:

Copper A stable metal in air. Thin oxide surface coating prevents further reaction oxidation.  

	Oxidation State = +1 (d10)
	Oxidation State = +2 (d9)
- The most stable ion

	Cu2CO3, yellow
	CuSO4.5H2O, blue

	CuOH, yellow
	CuCl2.2H2O, green

	Cu2O, brick red
	CuCO3, green

	CuBr, white
	CuO, black

	CuCl, white
	Cu(NO3)2.6H2O, blue

	CuI, white
	CuF2.2H2O, blue

	[Cu(Cl)2]- (aq) complex – stabilises Cu+I in aq soln
	Cu(OH)2, pale blue ppte

	
	[Cu(H2O)6]2+(aq), pale blue soln

	
	[Cu (NH3)4]2+(aq), violet (deep blue)

	
	[CuCl4]2-(aq), green

	http://www.chemistryrules.me.uk/tandp/optiontransitionelements.htm


Uses of copper 

Cu2+ is commonly used extensively in redox titrations and can actually be used for quantitative analysis of Cu(s) in alloys. These titrations usually involve the following equations:

Cu(s) + 2H2SO4(l) ( CuSO4(aq) + 2H2O(l) + SO2(g)

2Cu2+(aq) + 4I-(aq) ( 2CuI(s) + I2(aq)

I2(aq) + 2S2O32-(aq) ( 2I-(aq) + S4O62-(aq)

Note: CuI is a white solid. In a titration, there may be excess iodine present in which case in the conical flask, a light brown/creamy precipitate may be seen.

Cu does not react with HCl as HCl is not an oxidising acid

Cu does react slightly with H2SO4 (H2SO4 is an oxidising acid)
Cu does react vigorously with c.HNO3.

Cu(s) + 2H2SO4(aq) ( CuSO4(aq) + SO2(g) + 2H2O(l)

3Cu(s) + 8HNO3(aq) ( Cu(NO3)2(aq) + 2NO(g) + 4H2O(l)

Cu(s) + 4HNO3(aq) ( Cu(NO3)2(aq) + 2NO2(g) + 2H2O(l)

Converting between different oxidation states:

Cu+II ( Cu+I     Note: Cu(+I) Is generally not stable in solution unless protected by certain ligands.
Cu(H2O)6]2+ + 4Cl-(aq) ( [CuCl4]2- (aq) + 6H2O(l)

Reduce with Cu metal…
[CuCl4]2- (aq) + Cu(s) ( boil (  2[CuCl2]- (aq)

[CuCl2]- can be added to cold water and at low temps, the Cu+ ion comes out of solution.

2[CuCl2]- ( CuCl + Cl- (aq)  in the form of a Cu(I)chloride salt.
Cu+2 can be made from Cu+ by disproportionation of Cu2SO4 (copper (I) sulphate) in water.
Other uses:
Copper is ductile and can be drawn(pulled) into wires for electrical wiring and in various alloys such as brass (with zinc), bronze (with tin), duralumin (with aluminium and magnesium) and other coinage metal alloys.

Finely divided copper is also used in the industrial oxidation of methanol to methanal.
Used for piping how and cold water (inert to water – doesn’t release significant amounts of metal ions into water)

Chromium:
(Chemguide has a detailed page about chromium http://www.chemguide.co.uk/inorganic/transition/chromium.html)

Oxidation states of Chromium and colours of its ions.
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* Made from a specific pure Cr+III salt, Cr+III can look violet/grey colour. The familiar Cr+III(aq) blueish/green (often just called ‘green’) seen in the lab is sad to be due to a ligand exchange processes going on giving a mix of complexes, the aggregate colour being a blueish/green. {In alkaline solution Cr+III is more of a pure green colour}
Cr2+ can be complexed with ethanoate {or ethandioate anion –OOC-COO- this ethandioate ligand is reported to bond a separate Cr2+ at each end, probably because of lack of ‘bendability’ due to bond strain in the ligand from ‘wrapping around onto the same metal ion}

This reaction is specifically mentioned in the specification…

The first step is to make the ‘unusual’ Cr2+ ion, using Cr2O72- (aq) or Cr3+ (aq). Either of these reactions will be a reduction. Therefore a reducing agent is needed. The reduction potential, E(, of Zn can be seen to be a suitable reducing agent.
Taking the common reagent K2Cr2O7  we all 50% HCl solution and add Zn metal. The orange coloured dichromate solution will turn green (Cr+III) and then finally blue/violet (which may look dark if it is concentrated). Under an inert atmosphere (to stop reoxidation by air) a solution of sodium ethanoate is added. A red colour is observed.
Similar to what happens in deprotonation where a ppte formed due to an electrically neutral compound forming, Cr2(CH3COO)4(H2O)2] (s) is a solid and will precipitate out.
An unbalanced equation:
Cr2O72- + H+ + Zn(s) ( 2[Cr(H2O)6]2+ + Zn2+(aq) + H2(g) (  Cr2(CH3COO)4(H2O)2] (s)


Refs:

http://geology.isu.edu/geosciences/periodic_table.gif
Pearson A2 page 169

http://www.chemguide.co.uk/inorganic/complexions/shapes.html

http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch12/graphics/12_14.gif
Adapted from: http://www.webexhibits.org/causesofcolor/images/content/15.jpg
http://scienceaid.co.uk/chemistry/inorganic/complex.html
http://www.hull.ac.uk/chemistry/intro_inorganic/Chap13-2.htm
http://www.chm.bris.ac.uk/webprojects2003/rogers/998/chemla2.gif
Introduction  to Inorganic chemistry G.I. Brown. 2nd edition.

http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch12/graphics/12_14.gif
http://upload.wikimedia.org/wikipedia/commons/thumb/d/da/Chromium(II)-acetate-dimer-3D-balls.png/200px-Chromium(II)-acetate-dimer-3D-balls.png
Shapes of the


3d orbitals


making up the�3d-subshell





Tetrahedral (4 faced)





Square�planar





cis-platin





trans-platin





The cis-platin isomer is a famous anti-cancer drug which ‘ties’ DNA chains together, preventing cell replication.





Octahedral (8 faced)


Also octahedral are:


[Cr(NH3)6]3+ and [Cu(H2O)6]2+�as are all other aqua(water) complexes of simple ions.


 �The complex ions mentioned above in italics are specifically mentioned in the specification. 





� HYPERLINK "http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch12/graphics/12_14.gif" ��http://chemed.chem.purdue.edu/genchem/topicreview/bp/ch12/graphics/12_14.gif�








Adapted from: http://www.webexhibits.org/�causesofcolor/images/content/15.jpg





Adapted from http://scienceaid.co.uk/�chemistry/inorganic/transition.html





Adapted from http://scienceaid.co.uk/�chemistry/inorganic/transition.html





General representation of hexadentate EDTA complexing with a metal ion.


Octahedral around the metal ion. 





http://openwetware.org/images/thumb/e/�e8/EDTA_with_ligand.png/200px-EDTA_with_ligand.png





Often, a monodentate ligands�form a square planar complex ions.





Memorise :





show variable oxidation number in their compounds,�eg V2O5 and VO2, KMnO4 and MnO2 


form coloured ions in solution, e.g. Cu2+(aq) = pale blue solution.


form complex ions involving monodentate and bidentate ligands (see later)


can act as catalysts both as the elements and as their compounds (see V2O5 in contact process)





   “en” The 2 arrows represent the potential coordinate bonds that can form.





   Similar to “en”, the arrows represent the coordinate bond





� EMBED ISISServer  ���





Learn this


Mechanism. It’s very easy!





http://www.docbrown.info/page03/ASA2rates.htm





heterogeneous catalyst





The Cr metal ions (central) are in blue. The two water ligands are shown in the extreme axial positions. The 4 ethanoate anion ligands are shown in equatorial positions. Note: oxygen in


-O and =O form bonds to the Cr metal ions!





This is quite unusual. 





Please do read it.





Note: There is a little bit more chemistry of the transition metals (e.g. disproportionation of Cu+(aq)) which will be covered in the REDOX portion.
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