CBSE CLASS XII Chemistry
Coordination Chemistry and Organo Metallics
One mark questions with answers
Q1. What is Flexidentate character? 
Ans1. Poly dentate ligands are said to have Flexidentate Character if they do not use all their donor atoms to get co-ordinated to the metal ion e.g. EDTA generally acts as a hexadentate but can act as a pentadentate and tetradentate also. 

Q2. What is the effective atomic no. of Ni in |Ni(CN)=4|? 

Ans2. (O.S. of Ni), n - 4 = -2
n = +2
therefore EAN = 28 - 2 + 8 = 34. 

Q3. What is the formula of EDTA? 

Ans3. Ethylene diammine tetra acetate

Q4. How many number of unpaired electrons are present in CoF6? 

Ans4. Co27 = ...................... 3d74s2
Co+++ = ............................ 3d6
As it forms outer octahedral complex. So, number of unpaired electrons in CoF6 are four. 

Two mark questions with answers
Q1. Name one organometallic compound used as homogeneous and one used as heterogeneous catalyst and tell where these are used? 

Ans1. Wilkinson's catalyst (Ph3P)3 RhCl, is used as a homogeneous catalyst in the hydrogenation of alkenes.
Zeigler Natta catalyst, TiCl4 + R3Al is used as a heterogeneous catalyst in the low temperature, low pressure polymerisation of alkenes. 

Q2. What is the formula and IUPAC name of prussian blue? 

Ans2. Prussian blue is ferric ferrocyanide i.e., Fe4[Fe(CN)6]3. Its IUPAC name is iron hexacyno ferrate (II). 

Q3. Which compound is used in the estimation of hardness of water volumetrically? Give its structure. 

Ans3. EDTA, which stands for ethylene diammine tetraacetate ion (edta)4-
Its structure is :
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Three mark questions with answers
Q1. (a) Calculate magnetic moment of Ni in NiCl4=.
(b) What is hybridisation in Ni in this compound? 

Ans1. (a) Ni28 = ------3d84s2
Ni++ = 3d84s0
As there are 2 unpaired electrons in NiCl4
Magnetic moment
 = [n(n + 2) = (2 x 4) = 2.87 B.M
(b) Since Cl- is a weak ligand. Therefore it will show sp3 hybridisation and form tetrahedral complex. 

Q2. Give IUPAC names of
(a) Na2|NiCl4|
(b) |Ni(NH3)4|SO4
(c) |Cr(en)3|Cl3
(d) |Pt(NH3)5NO2|Br3. 

Ans2. (a) Sodium tetrachloro nickelate (II)
(b) Tetrammine nickel (II) sulphate
(c) Tris ethylene diammine chromium (III) chloride
(d) Nitro pentammine platinum (IV) bromide. 

Q3. Geometrical isomerism is not shown by complexes having co-ordination number 2, 3 and 4 (tetrahedral only) whereas optical isomerism is not shown by co-ordination number 4 (square planar complex). Explain. 

Ans3. Complexes having co-ordination number 2, 3, 4 (tetrahedral only) do not slow geometrical isomerism because all the ligands are equidistant from one another. In other words all co-ordination position are adjacent to one another. On the other hand, square planar complexes (co-ordination number = 4) do not show optical isomerism because they have a plane of symmetry which divides the molecule in two equal halves. More-over, it has superimposible mirror images.
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Five mark questions with answers
Q1. What are different types of structural isomerism in co-ordinate compounds? Explain them giving one example in each case. 

Ans1. Isomerism : In Co-ordination compounds, there are two different types of isomerisms.
(a) Structural isomerism :
(i) Ionization isomerism : This arises when the co-ordination compounds with same molecular formula give different ions in solution e.g., violet [Co(NH3)5 Br]SO4 and red [Co(NH3)5SO4]Br.
(ii) Linkage isomerism : Arises in complexes containing monodentate ligands with more than one donor atom i.e., NO2- may be bonded to metal through nitrogen or through oxygen. Such ligands are also known as ambidentate ligands. For example |(NH3)5CoNO2|Cl2 penta ammine nitro cobalt (III) chloride. (yellow, brown) and |Co(NH3)5ONO]Cl2 pentammine nitrito cobalt (III) chloride (red).
(iii) Co-ordination isomerism : involves exchange of ligands between complex cation and complex anion i.e., between co-ordination spheres in a compound. For example |Cr(NH3)6][CO(CN)6] hexa ammine chromium (III) hexa cyano cobaltate (III) |Co(NH3)6|.|Cr(CN)6| hexa ammine cobalt (III) hexa cyano chromate (III).
(iv) Hydrate isomerism arises in the complexes due to different number of water molecules present in the co-ordination sphere. For example |Co(H2O)6|Cl3, |Co(H2O)5Cl|Cl2.H2O |Co(H2O)4Cl2|Cl.2H2O and |Co(H2O)3Cl3|.3H2O are hydrate isomers.
(v) Polymerisation isomerism : When empirical formulae of complexes are same but molecular formulae are different e.g., |Pt(NH3)2Cl2| and |Pt(NH3)4||PtCl4|. 

Q2. (a) What are co-ordinate compounds, define
(i) Complexes
(ii) Ligand
(iii) Chelating agent
(iv) Co-ordination number
(v) Charge on a complexion.
(b) What are various rules for the nomenclature of a complex compound? 

Ans2. Co-ordination compounds : These are the complex substances which contain a central metal atom or ion surrounded by oppositively charged ions or neutral molecules. These are stable in solid state as well as in dissolved state i.e., The constituent is not retained in solutions. For example NiCl2 4NH3 is stable in solid state as well as in aqueous solution. Its aqueous solution does not give test for Ni++ or Cl- and NH4. It is also defined as a compound which contains a complex ion.
(i) Complex ion d-block elements or their ions have valence vacant d-orbitals, high nuclear charge of their atoms or ions, accommodate lone pair of electrons from electron pair donors. These new ions so formed are called complex ions.
(ii) Ligands : The cluster of anions or molecules which surround the central metal ion are called ligands or an atom or group of atoms which binds to the central atom through the lone pair of electrons present in the donor atom. Depending on number of pairs donated by different atoms. It may be unidentate (one) bidentate (two), tridentate (three) or tetra dentate (four), etc.
(iii) Chelating ligand : If a polydentate ligand forms a cyclic complex with central metal ion it is termed as chelating ligand.
(iv) Co-ordination number or valency : The total number of ligands surrounding the central atom in co-ordination sphere is the co-ordination number
(v) Charge on complex ion : The sum of oxidation number of all atoms/molecules/ions constituting the co-ordination sphere is the charge on the complex for example.[image: image3.png]Ligand
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(b) Rules for nomenclature are :
(i) The positive part of a co-ordination compound is named first and is followed by the negative part.
(ii) The ligands are named first followed by the central metal. The prefixes DI-trio-tetra etc. are used to indicate the number of each kind of ligand present. The prefixes is (two ligands) tries (three ligands) etc. are used when the polydentate ligands surround the central atom.
(iii) The ligands are named in , , order. Names of anionic ligands end in O, those of cationic in ium. Neutral ligands have their regular names except that H2O is named as aquo, NH3 as ammine, NO as Nitrosyl and CO as carbonyl.
(iv) The oxidation state of the central metal is indicated in Roman number in Parentheses.
(v) When a complex species has a negative charge, the name of the central metal ends in ate. For some elements, the ion name is based on the Latin name of the metal for example, argentate for silver.
Example : [Cr(H2O)4Cl2]Cl tetraquo dichloro chromium (III) chloride. [Co(en)2Cl2]Cl, bisethylene diammine dichloro cobalt (III) chloride.
K4|Fe(CN)6| potassium hexa cyano Ferrate (II). 

Q3. Explain geometrical isomerism in
(a) Square planar and octahedral complexes.
(b) (i) What is effective atomic number? (ii) Give various applications of organo metallics. 

Ans3. Hint : (i) Geometrical isomerism : Arises when the two identical ligands either occupy adjacent positions to each other (cis) or are opposite to each other (trans). Square planar complexes of the type MA2X2, MABX2, MA3X3 (where A and Y) are monodendate, show geometrical isomerism.[image: image4.png]cis Trans
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 .
(ii) Apart from these complexes square planar complexes having unsymmetrical ligands can also show geometrical isomers e.g |Pt(gly)2]
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(b) EAN (Effective atomic number) : EAN is defined as the total number of electrons on the metal atom or ion after the complex formation. For example in a metal carbonyl represented by the formula M(CO)x, the value of x can be given on the basis of EAN. If M is Fe (Z = 26) or Cr(Z = 24), than value of x = 5 and 6 respectively. It is because the sum of atomic number of iron (2 x 5) = 10 electron form five Co ligands will be equal to 36 i.e., atomic number of nearest noble gas krypton.
Organo metallics : Compounds containing at least one metal carbon bond may be called organometallic. Elements like boron silicon, germanium, arsenic, antimony and tellurium are some of the common metals in organometallic compounds. Some common examples are listed below :
R-Mg-X, Al2(CH3)6, Al2(C2H5)6, Pb(CH3)4, Pb(C2H5)4, Zn(C2H5)2, (CH3)4Sn
The prefixes 5, 6, and 2 indicate that 5, 6 and 2 carbon atoms are bound to the metal in ferrocene, dibenzene chromium and zeise's salt.
Applications of organometallics :
(i) Grignard reagent (RMgX) has been extensively used for the synthesis of various organic compounds.
(ii) Wilkinson's catalyst [(Ph3P)3RhCl] i.e., tris (triphenyl phosphine) chloro rhodium (I) is used as a homogeneous catalyst for the hydrogenation of alkenes.
(iii) Zeigler Natta catalyst (composed of a transition metal salt, generally TiCl4 and trialkyl alumimium is used as heterogeneous catalyst in the polymerisation of alkenes.
