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We're fetching your file...Please wait a moment while we retrieve your file from its home on the internetCHEMISTRY OF COORDINATION COMPOUNDS Dr. Nisha Sharma Prof. Vikas NathanCoordination Compound Consist of a complex ion and necessary counter ions NiCl2 + 6NH3 [Ni(NH3)6]Cl2 The compound ionises in water forming complex ion
as: [Ni(NH3)6]C12 [Ni(NH3)6] 2+ + 2Cl- [Co(NH3)5C1]C12 The compound ionises in water forming complex ion as: [Co(NH3)5Cl1]Cl2 [Co(NH3)5Cl1]2+ + 2Cl-What is Coordination? When an orbital from a ligand with lone pairs in it overlaps with an empty orbital from a metal Sometimes called a coordinate covalent bond M L So ligands musthave lone
pairs of electrons. Difference between Coordination Compounds and Double SaltsComplex Ion Electrical charged Species which consists of a central metal atom or ion surrounded by a group of ions or neutral molecules. Cationic complex: [Co(NH3)6]3+, [Pt(NH3)3Br]+ Anionic complex: [Ag(CN)2]-,[Fe(CN)6]4- Neutral complex: [Co(NH3)3Cl3),
[Ni(CO)4]Ligands Molecule or ion having a lone electron pair that can be used to form a bond to a metal ion (Lewis base) Coordinate covalent bond: metal-ligand bond Monodentate: one bond to metal ion Bidentate: two bond to metal ion Polydentate: more than two bonds to a metal ion possibleLigands in Coordination CompoundsPolydentate Ligands
Some ligands have two or more donor atoms. These are called polydentate ligands or chelating agents. In ethylenediamine, NH2CH2CH2NH?2, represented here as en, each N is a donor atom. Therefore, en is bidentate. Polydentate Ligands Ethylenediaminetetraacetate, abbreviated EDTA, has six donor atoms. Wraps around the central atom like an
octopus Charge of a Complex Ion Knowing the oxidation number on the metal and the charges on the ligands, one can calculate the charge on the complex ion. [Co(NH3)3C13)+3 + 3(0O) + 3(-1) = 0 Co 3NH3 3Cl1 Example: Cr(III)(H20)4Cl12Werners Theory Suggested in 1893 that metal ions have primary and secondary valences. Primary valence equal
the metals oxidation number Secondary valence is the number of atoms directly bonded to the metal (coordination number) [Co(NH3)6] C13 Secondary PrimaryPostulates of Werners Theory Every metal atom has a fixed no. of secondary valencies i.e. it has a fixed coordination number. The metal atom tends to satisfy both its primary as well as
secondary valencies. Primary valencies are satisfied by negative ions whereas secondary valencies are satisfied either by negative ions or by neutral molecules. The primary valencies are non-directional whereas the secondary valencies are directional and leads to definite geometry of a coordination compound and determines the stereochemistry of
the complex.A chemical mystery:Same metal, same ligands, different number of ions when dissolved Many coordination compounds are brightly colored, but again, same metal, same ligands, different colors.Werners Theory In CoC13 6 NH3, all six of the ligands are NH3 and the 3 chloride ions are outside the coordination sphere. [Co(NH3)6]C13
[Co(NH3)6]3+ + 3Cl- In CoCl13 5 NH3 the five NH3 groups and one chlorine are bonded to the cobalt, and the other two chloride ions are outside the sphere.Werners Theory In CoCl3 5 NH3, all 5 of the ligands NH3 and 1chloride ion are inside the coordination sphere and 2 chloride ions are outside the coordination sphere. [Co(NH3)5C1]CI2
[Co(NH3)5Cl]2+ + 2Cl-Werners Theory In CoCl3 4 NH3, 4 of the ligands NH3 and 2 chloride ion are inside the coordination sphere and 1 chloride ions are outside the coordination sphere. [Co(NH3)4CI2]Cl [Co(NH3)4Cl2]+ + Cl- In CoCl3 5 NH3 the five NH3 groups and one chlorine are bonded to the cobalt, and the other two chloride ions are
outside the sphere.Werners Theory In CoCl3 3 NH3, all 3 of the ligands NH3 and 3 chloride ion are inside the coordination sphere. [Co(NH3)3Cl13] does not ioniseNomenclature of Coordination Compounds The basic protocol in coordination nomenclature is to name the ligands attached to the metal as prefixes before the metal name. Some common
ligands and their names are listed above.Nomenclature of Coordination Compounds As always the name of the cation appears first; the anion is named last. Ligands are listed alphabetically before the metal. Prefixes denoting the number of a particular ligand are ignored when alphabetizing.The names of anionic ligands end in o; the endings of the
names of neutral ligands are not changed. Prefixes tell the number of a type of ligand in the complex. If the name of the ligand itself has such a prefix, alternatives like bis-, tris-, etc., are used. If the complex is an anion, its ending is changed to -ate. The oxidation number of the metal is listed as a Roman numeral in parentheses immediately after the
name of the metal.Oxidation state of central metal atom or ion K2[Co(NH3)2Cl4] 2(+1) + X + 2(0) + 4 (-1) = 0 X = +2 [Co(NH3)4CI2]C1 X + 4(0) + 2 (-1) + (-1) = 0 X = +3 K3[Al(C204)3] 3(1) + X + 3(-2) = 0 X = +3 [Pt(NH3)4 NO2 ClI] 2+ X + 4(0) + (-1) + (-1) = +2 X = +4Bridging Ligands Ligands which act as bridge between two metal atoms, the
Greek letter is uesd [(NH3)5Cr-OH-Cr(NH3)5]Cl15 -hydroxobis[pentaamminechromium(III)] chloride [(CO)3Fe (CO)3 Fe(CO)3] Tri- -carbonyl bis [tricarbonyliron(0)] [(H20)4Fe (OH)2 Fe(H20)4]S04 Tetraaquairon(Il)- -dihydroxotetraaquairon(II) sulphateExamples K2[Co(NH3)2Cl4]potassium diamminetetrachlorocobaltate(II)
[Co(NH3)4Cl2]Cltetraamminedichlorocobalt(III) chloride [Ag(NH3)21[Ag(CN)2] diamminesilver(I) dicyanoargentate(I) (NH4)2[Ni(C204)2(H20)2] ammonium diaquabis(oxalato)nickelate(II) Fe(CO)5 pentacarbonyliro n(0)Structural Isomerism Coordination isomerism: Composition of the complex ion varies. [Cr(NH3)5S04]Br and [Cr(NH3)5Br]SO4
Linkage isomerism: Same complex ion structure but point of attachment of at least one of the ligands differs. [Co(NH3)4(NO2)CI1]CIl and [Co(NH3)4(ONO)CI]ClLinkage Isomers [Co(NH3)5(NO2)]CI2 Pentaamminenitrocobalt(III) chloride [Co(NH3)5(ONO)]Cl2 Pentaamminenitritocobalt(III) chlorideStereoisomerism 1 Geometric isomerism (cis-trans):
Atoms or groups arranged differently spatially relative to metal ion Pt(NH3)2Cl2Stereoisomerism 2 Optical isomerism: Have opposite effects on plane-polarized light (no superimposable mirror images)Crystal Field Theory Focus: energies of the d orbitals Assumptions 1.Ligands: negative point charges 2.Metal-ligand bonding:entirely ionic strong-field
(low-spin): large splitting of d orbitals weak-field (high-spin): small splitting of d orbitalsD = crystal field splittingHigh spin Low spin[V(H20)6]2+ [V(H20)6]3+ [Cr(NH3)6]3+ [Cr(NH3)5Cl1]2+s1. Coordination compoundBy azim 2. Coordination compound Complex compounds are a special class ofcompounds in which the metal atoms (or) ions
arebound to a number of anions (or) neutralmolecules. In modern terminology, these compounds arecalled coordination compounds. Coordination compounds(or) complex compoundsare a type of additioncompounds. 3. On the basis of nature, addition (or) molecular compounds aredivided into two categories. They are double salts and coordination(or)
complex compounds.Mohrs salt: FeSO4.(NH4)2S04.6H20 double salt. 4. Double salt and coordinationcompound Ex: An aqueous solution of potash alum will give thetests for K+, Al +3, and SO4-2K2S04.A12(S04)3.24H20 2K+ + 2Al14+3 + 4S04-2 + 24H20 On the other hand, coordination compounds aremolecular compounds that retain their identity
evenwhen dissolved in water. Ex: When potassium ferrocyanide is dissolved in water,it does not give the usual tests for Fe+2 and CN-1,indicating that, [Fe (CN)6]-4 does not dissociate intoFe+2 and CN-1. 5. Complexes compound Compounds that have complex ions are calledcomplex compounds. As the central metal ion in the complex ion
formsdative (or)coordinate covalent bondswith the species surroundingit, complex ions are alsoknown as coordinate ionsand hence the correspondingcompounds are known ascoordinate compounds. 6. Werner's Theory: Alfred Wernera Swiss chemist put forward atheory to explain the formation of complexcompounds. It was the first successful
explanation, becamefamous as the coordination theory of complexcompounds, which is also known as Werner'stheory. 7. Postulates: The central metal atom (or) ion in a coordinationcompound exhibits two types of valencies -primary and secondary. Primary valencies are ionisable and correspond tothe number of charges on the complex ion.Primary
valencies applyequally well to simplesalts and to complexesand are satisfied bynegative ions. 8. Secondary valencies correspond to the valenciesthat a metal atom (or) ion towards neutralmolecules (or) negative ions in the formation of itscomplex ions. Secondary valencies are directional and so acomplex has a particularshape. The number
andarrangement of ligands inspace determines thestereochemistry of a complex.Postulates: 9. The postulates of Werner's coordination theory wereactually based on experimental evidence rather thantheoretical. Although Werner's theory successfully explains the bondingfeatures in coordination compounds, it has drawbacks.Drawbacks: It doesn't
explain why only certain elements formcoordination compounds. It does not explain why the bonds in coordinationcompounds have directional properties. It does not explain the colour, and the magnetic and opticalproperties of complexes.Werner's Theory: 11. Application of werner theory toCo[III] amines On heating with HCI at 373k, cobalt
aminesdoesnot evlove NH3. Primary valence of Co is 3 and secondary is 6. All the compound differ in their reactivity. 13. Ligands The molecule or ions which are coordinated tothe metal atom or ion. Eg. K4[Fe(CN)6], the 6 cyanide groupcoordinated by Fe2+ and are the ligands. Ligand can be negative ions, positive ions orneutral molecules. Ligand
are lewis base. Central metal atom or ion is lewis acid. 14. Type of ligandsl. mono or unidentate ligands2. Poly or mutlidentate ligand3. Ambidentate ligands:-If a ligand has 2 or more donor atoms, complexis formed only 1 donor atom is attached to thametal. 15. 1. mono or unidentate ligands one donor atom or one point of attachmentand can
coordinate with the metal ion at onlyone site in a complex. Eg. Cl-, NH3,H20 etc. 16. 2. Poly or mutlidentate ligand2 or more donor atom or points of attachements.Polydentateligands are further classified as bi, tri,..hexa dentate. 17. Coordination number: Ligancy(CN) The no. of ligands which are bonded to centralmetal atom or ion. Light transition
metal contain lesscoordination no. and strong contain more. 18. Complex ionA complex ion has ametal ion at its Centrewith a number ofother moleculesor ions surrounding it. 20. Coordination sphereoxidation no. 21. Homoleptic- one kind of donor grpattched to metal ion or atom. 22. Charge number of complex ion The net charge carried by complex
ion.Charge number of [Fe(CN)6]4-= charge of Fe2+ + 6 x charge on CN-ion= +2 + 6 (-1) = - 4. 25. Effective atomic number (EAN) EAN = Z X + YWhere,Z = atomic no. of the metal.X = no. of electron lost during the formation of themetal ion from its atom.Y = no. of electrons donated by the ligands.Eg. [Fe(CN)6]-4, Fe oxidation = +2 & Z =
26[Fe(CN)6]-4 = 26 2 + 6(2) = 36 26. Nomenclature writing complexcompound The formula of the cation, whether it issimple (or) complex is written first followed bythat of the anion. Within a coordination sphere the metal atomas well as the ligands are listed without anyspace between them. 27. In ionic coordination compounds the cation is
namedfirst and separated by a space from the anion. If the coordination entity is either neutral (or) cationicthen usual name of the metal is used. But, when thecoordination entity is an anion then name of the metalends with the suffix 'ate'.Nomenclature naming 28. Li[AlH4] Lithium hydrido aluminate(III) Na3[Co(NO2)6] sodium hexanitrito Ncobaltate
[Ag(NH3)2]NO Diammine silver(I) nitrate K[Au(CN)4]- potassium tetracyanoaurate(III) ion [Ni(CN)4]2- teteracyanonickellate(II) ionNomenclature naming 29. Isomerism in coordination compound 30. 1. Geometrical isomerism 32. 1. Geometrical isomerism [Mabcd]n+ for eg. [Pt(gly)2] (glycino)H2N NH2 H2N OCH2 pt CH2 CH2 pt COCO CO CO CH20
O O NH2Cis Trans 33. six coordination compounds Complexes of the type[Mad4b2]m+ 34. Complexes of the type [Ma3b3]n eg. [CrCI3(NH3)3]CrCICIH3SNH3NCrCICIHSNH3NCINH3CINH3 36. Six coordination compounds Octahedral complexes containing onlymonodentate ligands: A) [M(AA)3]n eg. [Cr(C204)3]3-trisoxalatochromium (III) anion B)
[M(AA)2a2]n eg. [CoCl2(en)2]+cis-Dichlorobis(ethylenediamine)cobalt(IIT)chloride C) [M(AA)2ab]n eg. [CoCl(en)2(NH3)]2+ 37. 1. Ionisation isomerism Ions present in coordination compound. [Co(NH3)5S0O4]Br red violet [Co(NH3)5504]+ +Br- [Co(NH3)5Br]SO4 Red [Co(NH3)5Br]2+ + S0O42- 38. 2. Linkage isomerism Same M.F but differ in linkage
of the ligand. 39. 3. Coordination isomerism Interchange of ligand. 41. Bonding in coordination compound1. Valence bond theory(VBT)2. Crystal field theory(CFT)3. Ligand filed theory(LFT)4. Molecular orbital theory(MOT) 42. 1. Valence bond theory(VBT) Linus pauling 1931. The valence bond theory satisfactorily explainsthe structure and magnetic
properties of a largenumber of coordination compounds.Salient features of the theory: The central metal atom (or) ion has the requirednumber of vacant orbitals for accommodating theelectrons donated by the ligands. The number ofvacant orbitals is equal to the coordinationnumber of the metal ion for a particular complex.Vacant orbital s, p, d, f.
43. Salient features of the VBT theory: This vacant orbital goes hybridization to formsame no. of hybrid orbitals. Each ligand has at least one orbital containinglone pair of electrons. Vacant hybrid orbital filled with ligand to formcoordination bond. Coordinate bond is stronger if the overlappingbetween the orbitals is greater. 44. The vacant orbitals of
the metal atom (or) ionundergo suitable hybridisation to yield a set ofequivalent hybrid orbitals of definitegeometry. 45. Geometrical shape depend upon thehybridization of the metal orbital. 46. If (n-1)d orbitals are used for hybridization, thecomplexes is called inner complexes and ndcalled outer complexes. 47. When strong field ligands like NH3
and CN- areinvolved in the formation of complexes, theycauses pairing electrons present in metal ions.This process is called as spin pairing. 48. Structure of complex compoundsbased on VBT1. Structure of nickel tetracarbonyl [Ni(CO)4]2. Formation of [NiCl4]2-3. Structure of [Ni(CN)4]2-4. Structure of [CoF6]3-5. Structure of [Co(NH3)6]13+ 49.
Formation of [NiCl4]2- Oxidation is +2. each chlorine ion donate 2electron. Ni- 3d8 4s2. Paramagnetic contain 2 unpaired electron. 51. Drawbacks of the valence bond theory:a) Does not explain the colour of coordination compound.b) cannot explain magnetic behavior based on geometry.c) does not explain why some called inner and outercomplex
same metal ion in the same oxidation state.d) Fails to predict theexact geometry ofthe complexes withthe coordinationnumber four. 52. e) Doesnot distinguish weak field and strongfield of ligand.f) It cannot predict exactly the tetrahedral andsquare planar structure of 4-cordinate.Drawbacks of the valence bond theory: 53. Stability of coordination
compounds Thermodynamic equilibrium constant. Stability depend upon the interaction betweenmetal and ligand. If interaction strong thermodynamic stabilitystrong. Reaction between metal ion and ligand is basedLewis acid and base. The greater the value of stability constant, morestable is the complex. 54. Stability of coordination compounds 55.
System StabilityCd2+ + 4NH3 [CA(NH3)4]2+ 1.3 x 107Ag+ + 2NH3 [Ag(NH3)2]+ 1.6 x 107Cu2+ + 4NH3 [Cu(NH3)4]2+ 4.5 x 1011Ag+ + 2CN- [Ag(CN)2]- 5.5 x 1018Cu2+ + 4CN- [Co(NH3)6]3+ 2.0 x 1033Stability of coordination compoundsCN- is more stable then ammine complex.It conclude that cyano is a stronger ligand then ammine.Stability
depend uponl. Charge density of the central metal ion(ionic radii)2. Nature of ligand 56. Crystal field theory (CFT) The crystal field theory was proposed by HansBethe and VanVleck. Crystal field theory assumes that theinteraction between metal ion and the ligandis purely electrostatic. 57. Silent features of CFT Central metal atom or ion is
surrounded byvarious ligands which are either negativecharge or neutral molecule. Electrostatic interaction between ML.Eg. Fe- and Co3+. Central metal atom have 5 degeneratedorbital dxy, dyz, dxz, d(x2-y2), dz2. 59. When the ligands approach the metal ion, dueto repulsion forces, the degeneracy of d-orbitals is destroyed and they split into
twogroups of different energy level t2g and egorbital. This effect is called crystal fieldsplitting(0 or10Dq)Silent features of CFT 60. Due to repulsion, the orbitals along the axesof ligands acquire higher energy while thoselying in between the ligands acquire lessenergy. It doent show the overlapping. From the Crystal field stability energy thestability
of the complexes can be known.Silent features of CFT 61. Defination Crystal field splitting-Splitting of 5 degenerated d-orbital. Crystal filed stabilization energy(CFSE)-Change in energy achieved by filling up electronin orbital in complex metal atom. 62. Definition High spin complex-(spin free)Greater no. of unpaired electrons and hencehigher value
of resultant spin and magneticmoment is called. Low spin complex- Pairing energy-The energy required to pair 2 electron againstthe electron electron repulsion in the sameorbital of a metal atom. 63. Application of CFT to tetrahedralcomplexes In the tetrahedral complex, [MX4]n, the metalatom or ion is placed at centre of the regulartetrahedron and
the 4 ligands, are placed atfour corners of the tetrahedron. Ligand approach the centralMetal atom in between 3cordinate x, y, z. 64. In case of strong field ligands, the electrons prefer to pair up in egorbital giving low spin complexes while in case of weak field ligands,the electrons prefer to enter higher energy t2g orbitals giving moreunpaird
electrons and hence form high spin complexes.Greater repulsionHigh energyLower repulssionBari centre 65. Application of Crystal field theory tooctahedral complexes[MX6]n the metal atom or ion isplaced at the centre of regularoctahedron while 6 ligandsOccupy the positions at 6 vertices of theoctahedron. Two orbital dx2-y2 and dz2 areAxial
greater repulsion and dxy,dyz, dxz less repulsion. 66. Five d orbital lose degenracy and split into twopoint group. The group t2g lower energy while eggroup have higher energy. 67. Experimental calculation show that the energy oft2g orbital is lowered by 0.40 or 4Dq and energyof eg orbital is increased by 0.60 or 6Dq. Thusenergy difference between
t2g and eg orbitals is Oor 10Dqg which is crystal field splitting energy. CFSE increases with the increasing strength ofligands and oxidation state of central metal ion.Application of Crystal field theory tooctahedral complexes 68. Limitation of crystal field theory Does not explain the s and p orbital. Does not explain bonding. Cannot explain partly
covalent nature of themetal ligand bond. Spectrochemical series water is a strongerligand then OH- which is not explainedsatisfactorily. 69. Spectrochemical series The arrangement of various ligands in thedecreasing order of their field strength and thesplitting power of d-orbitals of the metal atom. Strong field ligand have higher splitting power of
dorbital, hence higher crystal field splitting energy0, while weak. the field strength of ligand does not depend uponthe geometry of the complex or nature of centralmetal atom or ionl 70. The decreasing order of field strength of someof the ligands is,CO > CN > NH3 > EDTA > H20 > OH- > F- > S2- > Cl-This series depends on the power of splitting
thed orbitals and is called spectrochemical series.Spectrochemical series 72. Colours in coordination compound Transition metal atoms (or) ions with one (or)more unpaired electrons and their complexesexhibit colour both in their solid and insolution states. If absorption occurs then the transmitted lightbears a colour complementary to the colour
ofthe light absorbed. 74. Application of coordinationcompoundsl. Extraction of metal:2. Analytical chemistry:3. Biological importance4. In medicine5. In electroplating6. For estimation of hardness of water7. In modifying the redox behavior of metal ions 75. 1. Extraction of metal: Technique used for noble metal like Ag & Au. Noble metals like silver
and gold are extractedfrom their ore by the formation of cyanidecomplexes - dicyanoargentite(I) anddicyanoaurate (I). Ag2S + 4NaCN 2Na[Ag(CN)2] + Na2S 2Na[Ag(CN)2] + Zn Na2[Zn(CN)4] + 2Ag 76. 2. Analytical chemistry: Qualitative and quantitative analysis. In the qualitative methods of analysis, complexformation is of immense importance in
theidentification and separation of most inorganicions.Cu2+ + 4CN- [Cu(CN)4]2-Cd2+ + 4CN- [Cd(CN)4]2-Since Cu is more stable then Cd. Therefore, onpassing H2S only CdS is precipitated. Thus Cd2+ ioneasily detected in the presence of Cu2+ ions. 77. 3. Biological Importance Significant role in plant(chlorophyl-Mg) andanimal Vitamin-B12.
Haemoglobin, red pigment of blood that actsas the Oxygen carrier is a coordinationcompound of iron 78. 4. In medicine Treatment of cancer cisplatin Platinum, cis [PtC12(NH3)2] EDTA is used to treat lead poisoning. 79. 5. Hardness of water The hardness of water is estimated by titrationwith the sodium salt of EDTA. During titration, thecalcium and
magnesium ions in hard water formthe stable complexes, Calcium EDTA andMagnesium EDTA. Stability is different. 4. Chemistry ofCoordinationCompoundsWerners Theory This approach correctlypredicts there would be twoforms of CoCl3 4 NH3.The formula would be written[Co(NH3)4CI2]Cl.One of the two forms has the twochlorines next to each
other.The other has the chlorinesopposite each other. 7. Chemistry ofCoordinationCompoundsDenticity of Ligands Some ligands have twoor more donor atoms. These are calledpolydentate ligands orchelating agents. In ethylene diamine ,(NH2CH2CH2NH?2 )represented here as en,each N is a donor atom. Therefore, en is calledbidentate. 9. Chemistry
ofCoordinationCompoundsNomenclature of CoordinationCompounds The basic protocol in coordination nomenclatureis to name the ligands attached to the metal asprefixes before the metal name. Some common ligands and their names arelisted above. 10. Chemistry ofCoordinationCompoundsNomenclature of CoordinationCompounds As is the case
with ionic compounds, the name ofthe cation appears first; the anion is named last. Ligands are listed alphabetically before the metal.Prefixes denoting the number of a particular ligandare ignored when alphabetizing. 11. Chemistry ofCoordinationCompoundsNomenclature of CoordinationCompounds The names of anionic ligands end in o; theendings
of the names of neutral ligands are notchanged. Prefixes tell the number of a type of ligand in thecomplex. If the name of the ligand itself has sucha prefix, alternatives like bis-, tris-, etc., areused.for eg.[Co(NH2CH2CH2NH2)3]2(S04)3 is named as :Tris(ethane-1,2-diammine)cobalt(IIl)sulphate 14. Chemistry ofCoordinationCompoundsStructural
Isomers Some isomers differ in what ligands arebonded to the metal and what is outsidethe coordination sphere; these arecoordination-sphere isomers. Three isomers of CrC13(H20)6 areThe violet [Cr(H20)6]C13,The green [Cr(H20)5C1]C12 H20, andThe (also) green [Cr(H20)4CI2]Cl 2 H20. 17. Chemistry ofCoordinationCompoundsValence bond
theoryCoordinationnumberType ofhybridisationStructure4 sp3tetrahedral4 dsp2Square planarb sp3d Trigonalbipyramidal6 sp3d2(ndorbitals areinvolved outer orbitalscomplex )Octahedral6 d2sp3((n-1) dorbitals areinvolved innerorbital Joctahedral According to this theory, themetal atom or ion under theinfluence of ligands can useits (n-1)d, ns, np or
ns, np,nd orbitals for hybridisationto yield a set of equivalentorbitals of definite geometrysuch as octahedral,tetrahedral, and squareplanar. These hybridisedorbitals are allowed tooverlap with ligand orbitalsthat can donate electronpairs for bonding 18. Chemistry ofCoordinationCompoundsCrystal Field Theory Created to explain why transition metal
ions in complexes(having unfilled d-shells) are not necessarily paramagnetic. With coordination bonding, valence d-orbitals are not trulydegenerate. Instead, they split. Some are lower in energy (more stable) and some higher. 19. Chemistry ofCoordinationCompoundsCrystal field theory The gap between the higher and lower energy levelsis called the
crystal-field splitting energy, which varieswith each ligand, yielding different E, (different ,different colors). e- in an unfilled d-shell can actually be all paired(i.e., diamagnetic).Ex: Co3+(has 6 d e-) 20. Chemistry ofCoordinationCompoundsApplications of coordinationcompoundsCoordination compounds are used for manyapplications : Extraction
processes of gold and silver. Used as catalysts in many industrial processes. Hardness of water (EDTA). Purifications of metals. Chelate therapy (removal of toxic proportion ofmetals in the body). EDTA is used in treatment of lead poisoning. Platinum compounds inhibits the growth of tumors. 21. Chemistry ofCoordinationCompounds Additional
Information about COORDINATION COMPOUNDS- PowerPoint Presentation, Science, Chemistry, class 12 for JEE Preparation The COORDINATION COMPOUNDS- PowerPoint Presentation, Science, Chemistry, class 12 is an invaluable resource that delves deep into the core of the JEE exam. These study notes are curated by experts and cover all the
essential topics and concepts, making your preparation more efficient and effective. With the help of these notes, you can grasp complex subjects quickly, revise important points easily, and reinforce your understanding of key concepts. The study notes are presented in a concise and easy-to-understand manner, allowing you to optimize your learning
process. Whether you're looking for best-recommended books, sample papers, study material, or toppers' notes, this PDF has got you covered. Download the COORDINATION COMPOUNDS- PowerPoint Presentation, Science, Chemistry, class 12 now and kickstart your journey towards success in the JEE exam. The importance of COORDINATION
COMPOUNDS- PowerPoint Presentation, Science, Chemistry, class 12 cannot be overstated, especially for JEE aspirants. This document holds the key to success in the JEE exam. It offers a detailed understanding of the concept, providing invaluable insights into the topic. By knowing the concepts well in advance, students can plan their preparation
effectively. Utilize this indispensable guide for a well-rounded preparation and achieve your desired results. COORDINATION COMPOUNDS- PowerPoint Presentation, Science, Chemistry, class 12 Notes offer in-depth insights into the specific topic to help you master it with ease. This comprehensive document covers all aspects related to
COORDINATION COMPOUNDS- PowerPoint Presentation, Science, Chemistry, class 12. It includes detailed information about the exam syllabus, recommended books, and study materials for a well-rounded preparation. Practice papers and question papers enable you to assess your progress effectively. Additionally, the paper analysis provides
valuable tips for tackling the exam strategically. Access to Toppers' notes gives you an edge in understanding complex concepts. Whether you're a beginner or aiming for advanced proficiency, COORDINATION COMPOUNDS- PowerPoint Presentation, Science, Chemistry, class 12 Notes on EduRev are your ultimate resource for success. The
"COORDINATION COMPOUNDS- PowerPoint Presentation, Science, Chemistry, class 12 JEE Questions" guide is a valuable resource for all aspiring students preparing for the JEE exam. It focuses on providing a wide range of practice questions to help students gauge their understanding of the exam topics. These questions cover the entire syllabus,
ensuring comprehensive preparation. The guide includes previous years' question papers for students to familiarize themselves with the exam's format and difficulty level. Additionally, it offers subject-specific question banks, allowing students to focus on weak areas and improve their performance. Students of JEE can study COORDINATION
COMPOUNDS- PowerPoint Presentation, Science, Chemistry, class 12 alongwith tests & analysis from the EduRev app, which will help them while preparing for their exam. Apart from the COORDINATION COMPOUNDS- PowerPoint Presentation, Science, Chemistry, class 12, students can also utilize the EduRev App for other study materials such as
previous year question papers, syllabus, important questions, etc. The EduRev App will make your learning easier as you can access it from anywhere you want. The content of COORDINATION COMPOUNDS- PowerPoint Presentation, Science, Chemistry, class 12 is prepared as per the latest JEE syllabus. 1 COORDINATION COMPOUNDS 2
CONTENTS Introduction Coordination Compounds Concept of LigandsWerners Theory Effective Atomic Number Isomerism in Coordination Compounds 3 These compounds stable in solid state as well as in liquid state. INTRODUCTION Coordination compounds are the inorganic salts formed by the combination of two or more simple compounds in
stoichiometric ratio. These compounds stable in solid state as well as in liquid state. Example: Chlorophyll, hemoglobin are coordination compounds of magnesium and iron. Variety of metallurgical processes, industrial catalysts and analytical reagents involve the use of coordination compounds. Coordination compounds also find many applications in
electroplating, textile dyeing and medicinal chemistry. 4 DIFFERENCE BETWEEN A DOUBLE SALT AND A COMPLEX SALTDouble salts : These are addition compounds in which individual constituents retain there identity. Example : Carnallite ( KC1.MgCI26H20) Mohrs Salt (FeSO4.(NH4)2S04.6H20) Complex salts: lose there identity in solid as well
as in liquid state. Example: K4[Fe(CN)6] 5 DEFINITIONS OF SOME IMPORTANT TERMS PERTAINING TO COORDINATION COMPOUNDS Coordination entity: a coordination constitutes a central metal atom or ion bonded to a fixed number of ions or molecules. For example [Fe(CN)6]4- . Central atom/ion: In a coordination entity, the atom/ion to
which a fixed number of ions/groups are bound in a definite geometrical arrangement around it, is called the central atom/ ion. Coordination numbers : The coordination numbers (CN) of a metal ion in a complex can be defined as number of ligand donor atoms to which the metal is directly bonded. Coordination Sphere : The central atom/ ion and the
ligands attached to it are enclosed in square brackets and is collectively termed as the coordination sphere. The ionisable groups are written outside the bracket and are called counter ions. 6 Ligands: Ligands is electron donating species( ions or molecules) bound to the Central atom in the coordination entity. These may be charged or neutral.
LIgands are of the following types : Unidentate It is a ligand, which has one donor site, i.e., the ligand bound to a metal ion through a single donor site. e.g., H20, NH3, etc. Didentate It is the ligand. which have two donor sites. Polydentate It is the ligand, which have several donor sites. e.g., [EDTA]4- is hexadentate ligand. 7 Ambidentate ligands
These are the monodentate ligands which can ligate through two different sites, e.g., NO-2 , SCN-, etc. Chelating ligands Di or polydentate ligands cause cyclisation around the metal atom which are known as chelate IS , Such ligands USes two or more donor atoms to bind a single metal ion and are known as chelating ligands. 8 Examples of ligands
9 WERNERS THEORY OF COORDINATION COMPOUNDSWerner in 1898 propounded his theory of coordination compounds. The main postulates are : In coordination compounds metals shows two types of linkages (valences) primary and secondary. The primary valences are normally ionisable and are satisfied by negative ions. The secondary
valences are non ionisable. These are satisfied by neutral molecules or negative ions. The secondary valence is equal to the coordination number and is fixed for a metal. The ions/groups bound by the secondary linkages to the metal have characteristic spatial arrangements corresponding to different coordination numbers. 10 In modern formulations,
such spatial arrangements are called coordination polyhedral. The species within the square bracket are coordination entities or complexes and the ions outside the square bracket are called counter ions. This approach correctly predicts there would be two forms of CoCl3 4 NH3. The formula would be written [Co(NH3)4CI2]Cl. One of the two forms
has the two chlorines next to each other. The other has the chlorines opposite each other. 11 Effective Atomic Number (EAN)This concept was proposed by Sidgwick. In a complex, the EAN of metal atom is equal to the total number of electrons present in it. EAN = Z X+Y where, Z = atomic number of metal atom X = oxidation number of metal and Y
= coordination number of complex An ion with central metal atom having EAN equal to next inert gas will be more stable. 12 Stereoisomerism Structural IsomerismIsomerism in Coordination compounds ( compounds that have the same composition but a different structural arrangement of atoms) Stereoisomerism Structural Isomerism Ionization
Hydrate Geometrical Optical Coordination Linkage Polymerization (Same framework (non-superimposable mirror images) butdifferentspatial arrangement ligands) ofthe Ligand isomer 13 Geometrical isomerism:Isomerism occurs when ligands occupy different types of positions around the central metal ion. If the ligands occupy the positions adjacent
to one another, then it is called cis-form If the ligands occupy the positions opposite to one another, then it is called trans-form cis trans ABBAM M A BB A 14 M B B A Geometrical isomerism in complexes with coordination number 4Tetrahedral complexes do not show geometrical isomerism, Bcoz all the ligands are equidistant from one another.
Square planar complexes of formula [MX2L.2] (X and L are unidentate) show geometrical isomerism. The two X ligands may be arranged adjacent to each other in a cis isomer, or opposite to each other in a trans isomer, e., AM B B A 15 Geometrical isomerism in complexes with coordination number 6:The metal complexes with coordination no. 6
possessed of octahedral geometry and they exhibit both geometrical and optical isomerism. Geometrical isomerism is not observed in 1. complexes of co-ordination number 2 and 3 . 2. Complexes of tetrahedral geometry. 3. Complexes Ma3b or Mab3 or Ma4 of square planar geometry. 4. Complexes Ma6 and Mab5b of octahedral geometry. 16 Example
: [FeCl2(NH3)4] Example : [Fe(NH3)3Cl3] Chemistry ofCoordination Compounds30.03.2017LECTURE OBJECTIVES:After reading this lesson, the learnerwill be able to state the postulates of Werners theory; define ligands, coordination number andcoordination sphere; name simple complexes by IUPAC system; explain valance bond theory; explain
the applications of coordinationcompounds in extraction of metals, medicineand qualitative analysis.Skills to Develop To know the most common structures observedfor metal complexes. To predict the relative stabilities of metalcomplexes with different ligandsKey Takeaways Coordination compounds are a major feature ofthe chemistry of over half
the elements. Coordination compounds have important roles asindustrial catalysts in controlling reactivity, and theyare essential in biochemical processes.A salt is formed by the neutralization of an acid by a base. Thereare different types of salts. They are:1) Simple salt:KOH + HCI KCl + H202) Molecular (or) addition compounds:a) Double salts are
molecular compounds which are formedby the evaporation of solution containing two (or) more salts instoichiometric proportions. Hence the molecular compounds whichdissociate in solution into its constituent ions are known as double salt.Double salts retain their properties only in solid state. They are also calledas lattice compounds. Example
Mohrs salt:K 2 SO4 Al2 (SO4 )3 6 H20 2 K2 Al 34S042 6 H 20 b) Coordination (or complex) compounds is a compoundformed from a Lewis acid and a Lewis base. The molecular compounds,do not dissociate into its constituent ions in solution are called coordinationcompounds.Fe(CN )24 KC1K4[Fe(CN )6 ]K4[Fe(CN)6]4 K[ Fe(CN) 6 14
Ferrous cyanideorFe(CN ) 2 4 KClOne of the important aspects of any chemical research is thepreparation of new compounds. This process is called synthesis. In thislecture you will investigate a special kind of compound calleda coordination compound.Transition metals readily react with halogens to form binarycompounds of various colors, for
example: green-black ferric chloride(FeCl3), deep blue cobalt chloride (CoCl2), and golden yellow nickelbromide (NiBr2).These compounds dissolve in water to give brightly coloredsolutions but of changed colors: yellow solutions (containing Fe3+ions), red solutions (Co2+ ions), and green solutions (Ni2+ ions).By evaporating the solutions, crystals of
these new compounds canbe obtained: yellow FeCl3 6H20, red CoCl2 6H20, and green NiBr2 6H20.Addition of ammonia to a green nickel solution changes its color toviolet, and the compound NiBr 2 6NH3 can be crystallized. In allcases these beautiful color changes occur because a new chemicalspecies has formed, and there have been changes in
the bonding of thenonmetallic substance to the metal ion.[Cr(NH3)4CI2]-1metalcomplexcomplexionA central metal atomgroup of polar molecules orcomplex.If the complex bears acomplex ion.Compounds containingcoordination compounds.polarmoleculeionbonded to aions is a metalcharge, it is acomplexes areComplexes or coordination compounds
aremolecules that posess a metal center that isbound to ligands (atoms, ions, or polarmolecules that donate electrons to the metal).Coordination complexes (a complex ion) iscomprised of two important parts: the central atom and its surrounding ligands. THE CENTRAL ATOMIt is can be: any metallic ion (usually a transition d- or fmetal); nonmetals
(B, Si); p-element (Al).The overall it charge can be positive, negative,or neutral.Thus, in the complex ion an acceptor accepts apair of electrons from the donor atoms. The acceptoris usually a metal / metal ion to which one (or) moreof neutral molecules (or) anions are attached. Theacceptor metal cation is referred to as central metalcation. Hence,
central metal cation in a complexserves as a lewis acid.Coordination compounds are complex orcontain complex ions, for example: Complex Cation: [Co(NH3)6]3+ Co( NH 3 ) 6 CI3 Co( NH 3 )6 3 3CI Complex Anion: [CoCl4(NH3)2]1K 3 Cr (CN )3 CI3 3K [Cr (CN )3 CI3 ] Neutral Complex: [CoCI3(NH3)3] Coordination Compound: K4[Fe(CN)6]3 The
modern theory ofcoordination chemistry is basedlargely on the work of AlfredWerner (18661919; Nobel Prizein Chemistry in 1913).Wernerproposedputtingallmolecules and ions within the sphere inbrackets and those free anions (thatdissociate from the complex ion whendissolved in water) outside the brackets.STRUCTURE OF COMPLEXES:Central
Metal Ion: It is an acceptor atomcontaining vacant orbitals to which a fixednumber of ligands are attached via co-ordinatebonds in definite geometrical arrangement.The molecules or ions coordinating to themetal are the ligands. They are usually anions orpolar molecules.chloridoaqua-ammino-ciano-Coordination Sphere: Central atom and
ligandscomprise the inner coordination sphere; complex ionenclosed in square bracket, it behaves as a singleunit.lonization Sphere: Part of compound presentoutside coordination sphere, an outer coordinationsphere constitute a positive or negatively chargedions that are on more distance from the central ion orassociated therewith:[Cr(NH3)6]
CI3LIGANDSIt is an ion or polar molecule capable of donating a pair ofelectrons to the central atom via a donor atom.Types of ligands: Unidentate ligands: Ligands with only one donor atom, e.g.NH3, Cl-, F- etc. Bidentate ligands: Ligands with two donor atoms, e.g.ethylenediamine, C2042-(oxalate ion) etc. Tridentate ligands: Ligands which have
three donor atomsper ligand, e.g. (dien) diethyl triamine. Hexadentate ligands: Ligands which have six donor atomsper ligand, e.g. EDTA. Chelating Ligands: Multidentate ligand simultaneously coordinating to a metal ion through more than one site is calledchelating ligand. These ligands produce a ring like structurecalled chelate. Chelation
increases the stability of complex.This effect is called chelation effect.Unidentate..H20O.... :F.. :: NH3.. :Cl :..Bidentate:C N:cyanide ion.. C N:thiocyanate ion:O ::0 :CNH.. 2H2..N..:ONO:..nitrite ion..:SCH2H2C..H:0..hydroxide ion--ethylenediamine (en)C:0:..:O: ..oxalate ion:O ::0 :H2CPolydentateH2.. NCH2CH2NH..diethylenetriamine-CH2NH..
2-..:0....:0..CCH2H2C:NC:O :H2CCH2CH2N:CH2.. :0O....:.. C OC: O:ethylenediaminetetracetate (EDTA) ionCoordination Number:It is the total number of ligands attached tothe central metal atom through coordinatebonds or the number of atoms of a ligandattached to the same central atom, e.g.hexadentate ligand should be counted as formingsix co-
ordinate bonds.Charge ofcentral atomAg +1Coordinationnumber2Cu +24, 6Bi +36, 4Zr +48, 60xidation number:It is the charge which the central atomappears to have if all the ligands are removedalong with the electron pairs that are sharedwith the central atom.[Cr(H20)4CI2]NO3 => [Cr(H20)4C12]+ + NO3[Cr(H20)4Cl2]+Coordination
spherelonization spherex + (4 0) + (-1 2) = +1 [because the ligandH2O0 is neutral and 2Cl carries - 2 charge]x + 0 - 2 = +1x = + 3 (Cr3+)?Knowingthechargeonacomplex ion andthe charge on eachligand, one candeterminetheoxidation numberforthecentralmetal ion.?Or,knowingtheoxidation number onthe metal and thechargesontheligands, one
cancalculate the chargeon the complex ion. COMPLEXIONSTRUCTUREOFCOORDINATION[Cu(NH3)4]C12COMPOUNDLIGANDSCOORDINATIONNUMBER4COORDINATIONSPHEREIONIZATIONSPHERECationic[Cr(H20)4]3+Cl3Cationic andanionic[Cu(NH3)4]2+[PtCl4]2-Neutral[PtCl14(NH3)2] 0AnionicK2[PtCl6]2-By composition of ionization
sphereACIDSH2[PtCI6]BASIS[Ag(NH3)2]OHSALTSNa3[AIF6]NONELECTROLYTES[Pt(NH3)2C12]By the nature of the ligand:Aqua complexAcidocomplexes(ligand is water)(ligand is an anion)[Fe(H20)6]SO4Mixed ligands[CoCl(NH3)3(H20)2](NO3)2K[Au(CN)4]Ammines(ligand is ammonium)[Zn(NH3)4]CI12 The basic protocol in coordination
nomenclature is to name theligands attached to the metal as prefixes before the metalname. Some common ligands and their names are listed above.Name of Central atomLatin(Transition Metal)IronFerrateCopperCuprateTinStannateSilverArgentateLeadPlumbateGoldAurateANIONIC MONODENTATE LIGANDSF-FluoroOH-HydroxoCIl-ChloroSO42-
SulfatoBr-BromoS2032-Thiosulfatol-lodoNO2-Nitrito-N-; NitroO2-OxoONO-Nitrito-O-; NitritoCN-CyanoSCN-Thiocyanato-S-;ThiocyanatoNC-IsocyanoNCS-Thiocyanato-N-;IsothiocyanatoNeutral Monodentate LigandsNH3AmmineH20OAquaCOCarbonylNONitrosylCH3NH2MethylamineC5H5NPyridine As is the case with ionic compounds, the name of
thecation appears first; the anion is named last. Ligands are listed alphabetically before the metal.Prefixes denoting the number of a particular ligand areignored when alphabetizing. The names of anionic ligands end in o; the endings ofthe names of neutral ligands are not changed. Prefixes tell the number of a type of ligand in thecomplex. If the
name of the ligand itself has such aprefix, alternatives like bis-, tris-, etc., are used.Examples of Naming Coordination CompoundsSome examples of IUPAC names are:[Pt(NH3)2Cl2]diamminedichloroplatinum (II)[Co(NH3)5Cl]Cl2pentaamminecobalt (III) chlorideK 4 [Fe(CN)6]potassium hexacyanoferrate (II)K 3 [Fe(CN)6]potassium hexacyanoferrite
(IIT)Preparation of complex compoundsComplex compounds prepared by suchreactions:1) Connection reactions:HgI2 + 2KI K2[HgI4]2) Substitution reactions:[Cu(2)4]SO4 + 4NH3 [Cu(NH3)4]S04 +423) Exchange reactions:2 ZnCl2 + K4 [Fe(CN)6] Zn2[Fe(CN)6] + 4KCl4) Redox reactions:2Al + 6KOH + 6H20 K3[AI(OH)6] + 3H2Nature of chemical
bonding in complex compoundsStructure physico-chemical and biological properties ofcomplex compounds depend on the nature of chemical bonds inthem. Currently, the nature of chemical bonds in complexcompounds such theories explain:1) the method of valence bonds ;2) the crystal field theory ;3) the method of molecular orbitals .A coordination
compound consists of a central metal ionwhich is chemically bonded to one or more atoms or groups ofatoms by coordinate covalent bonds. The metal ion contains one ormore empty orbitals which can receive pair(s) of electrons and theatom or group of atoms bonded to the metal ion (ligands) containone or more pairs of electrons which can be
donated to the metalion. When a covalent bond (a bond formed by sharing of one ormore pairs of electrons) contains a pair of electrons which comesfrom only one atom in the bond it is called a coordinate covalentbond. PROPERTIES OF COMPLEX COMPOUNDS1) Dissociation of complex compounds.Complex compounds are strong electrolytes.
Inaqueous solution, they readily dissociate to a complexion and the outer sphere. This is called the primarydissociation.[Ag(NH3)2] CI [Ag(NH3)2]+ + Cl The formed complex ion may also dissociate,albeit weaker. This secondary dissociation, which isstepwise:[Ag(NH3)2]+ Ag+ + 2NH32) Stability of complex compounds.This formation constant (Kf),
describes theformation of a complex ion from its central ion andattached ligands. This constant may be called astability constant or association constant; theunits depend on the specific reaction it is describing.At its most basic level, Kf can be explained as thefollowing, where M is a metal ion, L is a ligand,and x and y are coefficients:K[ Ag (CN ) 2 ] K
[Ag(CN)2]J[Ag (CN )2 ]1Ag2CN[ Ag (CN ) 2 ]18Kf 5,610[ Ag ] [CN 12Kf[ M x Ly 1 nx[ M ] y[ L]The larger the Kf value of acomplex ion, the more stable itis.Applications of Coordination Compounds Extraction of metals from ores Silver and gold as cyanide complexes Nickel as Ni(CO)4 (g) Use of chelating agents in heavy metal poisoning EDTA for Pb
poisoning Chemical analysis: Qualitative analysis for metal ions:Blue = [CoOSCN]+Red = [FeSCN]2+Ni2+ and Pd2+ form insoluble colored precipitates withdimethylglyoxime. Commercial coloring agents:Prussian blue = mixture of hexacyanoFe(II) and Fe(IlI)Inks, blueprinting, cosmetics, paints. Hardness of water is estimated by simple titration with
Na2EDTA.The Ca2+ and Mg2+ ions form stable complexes with EDTA. Theselective estimation of these ions can be done due to difference in thestability constants of calcium and magnesium complexes We're fetching your file...Please wait a moment while we retrieve your file from its home on the internet
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