                                                                                                                                       D-5651



Scheme of valuation

First semester M.Sc. Degree Examination, March 2018
Branch : CHEMISTRY 

CH/CL/CA/CM 211 : Inorganic chemistry - I
(2016 Admission)

Time : 3 Hours                                                                                                                              Max Marks: 75

SECTION A

    Answer two among (a), (b) and (c) from each question, carries 2 marks.
1.a)Nickel and Platinum are in the same family of Periodic Table but (NiCl₄)²⁻ and (PtCl₄)²⁻ differ considerably in their geometries. Why?
Ans: Because of the difference in ionic radius, since Ni(II) is a smaller metal ion with electronic congfiguration (Ar)3d⁸ it has only three main electronic levels  that’s why it can adapt four Chloride ligands around it forming a tetrahedral structure.(1 mark)
While Pt is a larger metal ion with the electronic configuration [Xe] 4fˡ⁴,5d⁸; It has five electronic levels with a completely filled f orbitals (which blocks the positive charge of the nucleus), that’s why it’s too large to adapt the tetrahedral structure so it accommodates the four Chloride ligands as a square planar. 
(1 mark)
b)Give two examples each for high spin and low spin complexes of Fe²⁺.
Ans: (Fe(H2O )₆)²⁺ and is a high spin complex and (FeCN6)²⁻, is a low spin complex.

(Any two examples-1 mark each)

c) What is meant by CFSE ?

Ans:The crystal field stabilisation energy(CFSE) is defined as the lowering in the energy of a transition metal ion in a given ligand environment due to crystal field effects. (Definition or diagram – 2 marks)
2 a)What is ‘F’ test? Give its significance.

Ans: F-test is designated to indicate  whether there is a significant difference between two methods based on their standard deviation. The standard deviation is determined with the help of equation,

[image: image1.png]


[image: image71.png]


S= √∑(xi – x)2∕  N- 1

The standard deviation obtained by standard method is denoted as Sstd. Let the standard deviation obtained by new method be denote as Sn.

Calculation of the F-value with the help of the expression 

F=Sstd²/Sn²

Comparison of the value of F as obtained from equation with the critical value of F corresponding to N as infinity. If the value of F is less than the critical value , there is no significant difference in the precision of the new method and the standard method.    
                      (2 marks)

b)Give the name and structure of two organic precipitants  used in gravimetry.
Ans: Oxine                                                  Cupferron     (Any two – 2 marks)
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c)What are precipitation titrations? Mention one example.
Ans: A reaction in which analyte and titrant form an insoluble precipitate and the titration continues till the very last amount of analyte is consumed.This type of titration is called precipitation titration. (1 mark)
Eg: AgNO₃ + NaCl —› AgCl + NaNO₃
(1 mark)
3.a)What are the symmetry elements and symmetry operations  of  D3h point group?
Ans:  symmetry elements : E, 2C₃,3C₂ 2S₃,3σv , σh. (1mark)
Symmetry operations: Rotation, reflection and improper rotation (1mark)
b)Draw the geometry, symmetry elements and assign the point group of CHCl₃.

Ans: The point group of CHCl₃ is C₃V.(1/2 mark)
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It’s geometry is tetrahedral and it’s symmetry elements are E, 2C₃, 3σV . (1mark)
Structure -(1/2 mark)
c)What are Abelian and cyclic groups? Give one example for each.
Abelian group

         If A•B = B•A , then it is said that two elements commute. If AB≠BA, then it shows that the elements A and B do not commute. All binary combinations in various symmetry point group  need not commute, that’s why the order of writing the combinations of two elements  is important. If in a group , all elements follows commutative law , then the group is called Abelian group. (1/2 mark)
   Eg; In the case of H₂O molecule, which belongs to C₂ᵥ point group possess E+1C₂+2σᵥ, four symmetry operations. We see that combinations of elements do commute .eg; C₂.σᵥ.(yz) = σᵥ.(yz).C₂ᵥ and this commutative phenomena exist for all elements of the group ,therefore C₂ᵥ is an abelian group. (1/2 mark)
Cyclic group

     If all the elements of a group can be generated from one element , say X and X,[image: image2.png]
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 are the elements of the group with [image: image8.png]


 = E(identity) , the group is called a cyclic group of the order n. (1/2 mark)
For exmple [image: image10.png]
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 symmetry point groups are cyclic group. (1/2 mark)
4  a)Explain how XeF6 reacts with water.
Ans: Xenon hexafluoride hydrolyzes stepwise, ultimately giving xenon trioxide. (1mark)
XeF₆ + H₂O —› XeOF₄+ 2 HF

XeOF₄+ H₂O —› XeO₂F₂ + 2HF 

XeO₂F₂ + H₂O—› XeO₃+ 2HF

3XeF₆ + 6H₂O —› 2XeO₃ + Xe + 12HF  
(1 mark)
b)Why are the O-F bonds in O₂F₂  longer than OF₂ whereas the O-O bond in O₂F₂ is short compared with that in H₂O₂?
Ans: Fluorine has the highest electronegativity in entire periodic table which implies that it has very high tendency to pull electron density towards itself. But on the other hand hydrogen is not so electronegative. Due to this O-O bond in O₂F₂ is shorter than that of H₂O₂. 
(1 mark)
 The O-F bond length is much longer than the O-F in FOF and is 1.58 Å. The O-O bond is remarkably short at 1.217 Å. Further FOOF displays a very high barrier to rotation about the O-O bond. 
(1 mark)
c)Draw the structure of  IF₅and IF₇.
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 IF5 Square pyramidal               IF7( Pentagonal Bipyramidal) (1 mark each)
5 a)Explain the formation of smog in the environment.

Ans: When the atmosphere is loaded with large quantities of automobile exhaust during warm sunny day with gentle wind and low level inversion , then the exhaust gases are trapped by the inversion layer with stagnant air masses and simultaneously exposed to intense light. Then a number of photochemical reaction involving NO₂ , hydrocarbon and other organic compounds and free radicals take place leading to the formation of ozone, peroxide and other photochemical oxidant in the atmosphere. This give rise to the phenomena called Photochemical smog.                                                      (OR relevant equation)   
(2 marks)
b)How does NOx causes ozone depletion? Write down the related chemical reactions.
Ans: NOx gases like NO₂ and NO are reactive and get washed out during rainfall but N₂O is unreactive and remain in the atmosphere and get transferred to stratosphere . In stratrosphere it absorbs UV radiation,

N₂O + hv —› 2NO 

This  •NO radical act as catalyst for the destruction of ozone.

NO + O₃ —› NO₂ + O₂ ,  NO₂+ O —› NO + O₂  , The overall reaction is, O₃ •NO› 2O₂ + O      ( 2 marks)
c)Distinguish between BOD and COD.
Ans:. BOD refers to the biochemical oxygen demand and COD is the chemical oxygen demand. The main difference between BOD and COD is that BOD is the amount of oxygen which is consumed by bacteria while decomposing organic matter under aerobic conditions whereas COD is the amount of oxygen required for the chemical oxidation of total organic matter in water. 
(1 mark)
As BOD is only a measurement of consumed oxygen by aquatic microorganisms to decompose or oxidize organic matter and COD refers the requirement of dissolved oxygen for both the oxidation of organic and inorganic constituents. COD levels in waste streams are always higher than BOD. 
(1 mark)
Section-B
6 a)Discuss about various factors affecting the magnitude of splitting parameter (Δ) in complexes?
· Nature of ligand :The ligand which cause only a small degree of crystal field splitting are called weak field ligands. Ligands which cause a large splitting are termed strong field ligands.The variation of the magnitude of Δ with nature of ligands follows a regular order .This arrangement of ligands in the ascending order of Δ is called spectrochemical series.

· Oxidation state of central metal ion: A central metal ion with higher oxidation state cause larger crystal field splitting than with lower oxidation state.
· Size of d- orbitals: The magnitude of crystal field splitting increases with increase in the size of the d-  

    orbital, ie; the crystal field splitting for complexes containing 5d electron is greater than those of 4d electrons which inturn is greater than 3d electrons.

· Geometry of complex: The magnitude of crystal field splitting in tetrahedral complexes is nearly half of the crystal field splitting in octahedral complexes

                            Ie; Δᴌ≈ 4/9 Δ₀                                
(5 marks)

  b)       Discuss the merits of MOT over CFT.
Limitations of CFT

· The interaction between metal and ligand is purely electrostatic.

· This theory takes d orbital of central atom into account. The s and p orbitals are not  considered for study.

· This theory fails to explain the behavior of certain elements which cause large splitting while other show 
     small splitting.

· The theory rule out the possibility of having π bonding. This is serious drawback because π bonding is found in many complexes.

· The theory gives no significance to the orbits of the ligand. Therefore it cannot explain any properties related to ligand orbitals and their interaction with metal orbitals.

                 MO theory accounts for both ionic and covalent characters of metal – ligand bond. The presence of metal – ligand covalent bonding can be proved by ESR, NMR, and NQR spectra.

                 M.O theory begins with the idea that overlap of atomic orbitals of the central metal ion and the ligand occurs to some extent whenever the condition of energy , permits and symmetry permits.

 Conditions:- 
· Symmetry of the combining AO’s must be same.

· Difference in energy of the combining  AO’s should not be large.

· In case if the two Ao’s are unequal energies, then bonding MO’s would have more character of the lower energy AO’s and anitibonding MO’s would have more characteristics of the higher energy AO’s.

Advatages of MO theory:

· It gives an idea about the magnetic behavior of complexes.

· By using spectral data, the value of AO cane be calculated 

· It explains about π- bonding complexes

7. a)Give  brief note on the rule for computation of results.
                 A numerical result is worthless unless something is known about its accuracy . It is always essential to indicate the reliability of data. A less satisfactory but more common indicator of the quality of data is the significant figure convention.

                   The digits of a number required for expressing the precision of the data or measurement is called significant number.
1) A zero may or may not be significant depending on its location in a number. A zero that is surrounded by other digits always significant .Zeros that only locate the decimal point for us are not significant. 
                 Eg; 30.24ml or 0.03024L the number of significant figure is 4

2) The significant figure in calculations may be rounded off depending on the last figure which has been rejected or retained . While rounding off one is added to the last figure retained if the following figure is to be rejected is 5 or more .
                        Eg; 1.2787 is rounded off to 1.279

3) The sum or difference of two or more quantities cannot be more precise than the quantity having the largest uncertainty and hence during the addition or subtraction each quantity should have only as many significant figure on available in the least accurately known quantity.

Eg; 2.12+14.567+3.4227 ( least accurately known quantity is the first one and hence the latter two quantities should be rounded off as 14.6 and 3.4 before the addition is carried out)

4) Similarly the % precision of a product of multiplication or of division cannot be greater than the % precision of the least precise factor used in the calculation. Hence in multiplication or division one more significant figure is retained in each quantity than contained in the factor having the largest uncertainty

Eg; 1.23 x 4.567 x 0.2657 ,the first factor has a larger uncertainity and hence the two following factors should be taken as 40567 and 0.266 retaining one more significant figure than the first one


(Any three points – 5 marks)

b)What are the various factors affecting  TG and DTA curves? Explain.

           Thermogravimetry is an analytical method in which the change in weight of a substance is recorded as function of temperature or time . A TG curve is a plot in which weight change is recorded as a function of temperature or time.

Factors affecting TG 
1 Instrumental factors
· Furnace heating rate – Temperature at which  the sample decomposes depends up on hating rate . When heating is also high, the decomposition temperature is also high. A heating rate of 3.5⁰C per minute is usually recommended for reliable and reproducible TG.
· Furnace atmosphere – The atmosphere inside the furnace surrounding the sample has a profound effect on the decomposition temperature of the sample. A pure N₂ gas passed through the furnace provides an inert atmosphere.
2 Sample characteristics
· Weight – A small weight of the sample is recommended. Using small weight eliminates the existence of temperature gradient throughout the sample.

· Particle size – Size of the particle should be small and uniform. Large particles/ crystals may result in very rapid weight loss during heating.   (2[image: image14.png]


  mark)
Differential Thermal Analysis
 DTA is a analytical method for recording the difference in temperature (Δᴌ) between a substance and a reference material as a function of temperature or time.

Factors affecting DTA

1 Instrumental factors

· Furnace temperature, size and shape of the furnace , sample holder material, sample holder geometry, heating rate , speed and response of recording instrument etc.

2 Sample characteristics

· Particle size, thermal conductivity , heat capacity , packing density , swelling or shrinkage of sample , amount of sample etc…. It is highly  sensitive to the gaseous environment around the sample. The gaseous environment may react with the sample which will give extra peaks.  (2[image: image16.png]


 mark)
8. a)State and explain Great Orthogonality Theorem?

                This is the most important theorem of group theory.It concerns the matrix elements which constitute the irreps of a group theory. Mathematically , it is stated that
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 irreps  of a point group of order h with dimensions [image: image28.png]
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is the complex conjugate of the  [image: image40.png]minit"



matrix element corresponding to the symmetry operation R belonging to the [image: image42.png]


 irreps. The δs are the well known ‘kroneckers delta’ which have the following properties
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 =    1, n=n
                                             0,i≠j
        0, m ≠m’                     0, n≠n’
The summation is performed over all the symmetry operations R of the molecule .If the matrix elements are real, then
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The following three cases arise for the G.O.T assuming that the matrix elements are real.
1  For two different irreps, i≠j , m=m’ and n=n’

       Ʃ Гᵢ[image: image54.png](R)n
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 = 0
2  For the same irreps i=j, m≠ m’ and n≠n
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Consider the following species in water: Fe?" Fe, OH , H"

Max concentration of Fe = 10
The species that must now be considered are:

Fe?*, Fe* Fe(OH)s Fe(OH),
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Chemical reactions at the boundaries are:
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Fe(OH), + e+ 3H* —3= Fe2* +3H,0
Fe(OH), + & +H* —3= Fe(OH), + H,0



3 For an irrep I and for m=m’ ,n=n’

[image: image62.png]YT (R),..



  ² = h/li
[image: image82.png]Look at the Fe3*/Fe?* boundary:

, Reactants [Fe']
E = pE° 4+ log———— = +13.2+ logr——7
PE = PE 00 ets T4t [Fe*]

A e ENL'WWJM\& Reccetomts = preduds



b)Find out the matrix representation of symmetry group D₃h?
     9.  a)Name the important compounds of Krypton. Give an account of their preparations?
           i) KrCl₄     ii) KrF₂         iii) KrBr₆        iv) KrCrO₄    V) KrO₂ (1 mark)
       KrF₂
It is a colourless, volatile solid.It is produced when mixture of Kr and F₂ are cooled near to                               -200⁰c and then subjected to electric discharge or irradiated with high energy electrons or X-rays.
[image: image83.emf]             Kr + F₂
KrF₂
( Detailed procedure and equation of any two compounds – 2marks each )
    b)What are zeolites? How are they prepared (not in the syllabus) ? Discuss their application as water softening agents?
            Zeolites are class of silicate. They are microporous crystalline solids with well defined structure. Generally silicon, aluminium and oxygen are in their framework and cations (Na ,K, Ba etc…) and water molecule within their pores. (2mark)  They are used as cation exchangers and molecular sieves.
    The permutite used for water softening are sodium containing zeolite which take out the calcium from the hard water and replace it by sodium thereby rendering it soft. (1½ mark) 
Equation - (1½ mark)
10. a)Explain the hazards of common air pollutants on human health?

              Air pollution is the undesirable change occurring in air causing harmful effects on man and the desirable species. According to the origin, the air pollutants are classified as i) primary and ii) secondary  air pollutants

          The pollutants which are directly released into the atmosphere and are present as such are called primary air pollutants eg; CO

           The pollutants that are derived from the primary pollutants due to chemical or photochemical reactions in the atmosphere are called secondary air pollutants eg; PAN

I) Carbon monoxide

CO arises due to fuel combustion from vehicle and engines.It is a toxic gas.The basic reaction giving CO are 
a) Partial combustion of fuels or carbon containing compounds.

              2C + O₂ 
2CO
b) Dissociation of CO₂ at high temperature.

              CO₂
CO + ½ O₂  

c) Reaction between CO₂ and carbon containing compound at elevated temperature in industrial process CO₂ + C
 2CO
           The toxic effect of CO in animals is due to the irreversible combination of CO and heamoglobin to carboxyheamoglobin. Hb + CO 
              HbCO
        There by inhibit the oxygen carrying capacity.
II) Oxides of nitrogen
The oxides of nitrogen such as NO and NO₂ are primarily involved in air pollution. They are liberated  into the atmosphere by the combustion of fuels such as coal, diesel, petrol etc.
 The basic reactions leading to the formation of NO and NO₂ are

          N₂ + O₂     1300⁰C     2NO

                 2NO + O₂        1100⁰C        2NO₂
NO₂ in air will Cause the irritation of the eyes and even lungs congestion. It leads to the formation of petrochemical smog. In the presence of sunlight , oxides of nitrogen and hydrocarbon form smog. The smog limits the visibility , irritation of eyes, difficulty in breathing , bronchitis etc.
III) SO ₂ 

The combustion of any sulphur containing material prod, oil refinery and H₂SO₄ plants.A part of SO₂ is oxidized to SO₃. Thus SO₂ in air always contains SO₃ is the main source of air pollution. It causes cough, eye irritation, headache etc. The presence of SO₂ in air also leads to several effects in plants. The effects include chlorophyll damage, metabolism inhibition etc.

IV) Particulate pollutants

Finely divided solid particles and liquid droplets suspended in the atmosphere are collectively called particulates. Metal particulates of Pb, Hg, Cd, As etc are highly toxic air pollutants. The lead particulates are released from smelters and other metal industries.
V) H₂S
 H₂S is released into the atmosphere by the decomposition of sewage waste or organic matter. Retting of coconut husk also releases large amount of H₂S. It is poisonous  and leads to the blackening of lead paintings. It may cause corrosion of metals.

VI) Acid rain

Air pollutants like SO₂, SO₃, oxides of nitrogen can contribute to the formation of acids . The acid vapour may mix with atmosphere water vapour and leads to the acid rain. Acid rain is direct consequence of the air pollution.

(Any three -5 marks)
b)With suitable example , explain the use of pE-pH diagram for redox sensitive elements



                                                                          


Section- C
This equation is used to calculate the point for Fe3+/Fe2+ boundary. 


Iron pE/pH Diagram
                                                                                                        ( Any one redox species – 5 marks)

11)Outline the molecular orbital theory and draw the M.O diagram of [Co(NH₃)₆]³⁻
Postulates of MO theory
· The atomic orbitals combine to form a new orbital known as molecular orbital.
· The symmetry of the combining atomic orbitals must be the same so that additive combination of atomic 
     orbitals permits the maximum overlap of orbitals
· The difference in the energies of the combining orbitals is not large
· If the atomic orbitals are of unequal energies ,then the bonding molecular orbital would have more characteristics of the lower energy atomic orbital and the antibonding molecular orbital would have the more characteristics of the higher energy atomic orbitals
(2 marks)
  In an octahedral complex like [Co(NH₃)₆] ³⁻ the metal has six σ orbitals, ie; two 3d (dz² and dx[image: image64.png]


-y²) 4S and three 4P. Each of the six ligands has one σ orbitals and three σ orbitals . first combine to form a set of six composite symmetry orbitals. Each of which is constructed to overlap effectively with a particular σ orbitals of the metal ion. Thus each of the metal σ orbital overlap with its matching composite symmetry orbitals of the ligand by the LCAO method, to give a bonding and antibonding MO . Thus altogether 12 MO, 6BMO and 6 AMO are formed.
The overlap of the metal 4S and 4P orbitals with ligand group orbitals is considerably better than that of the 3d orbitals. Consequently the A₁g and T₁u MOs are the lowest in energy and corresponding A₁g* and T₁u* AMOs the highest in energy.
           For Co(NH₃)₆ ³⁻ there will be a total of 18 electrons ie; 12 from lone pair of ammonia ligand and six electrons from 3d⁶ configuration of the Co³⁺ion. The electronic configuration of the complex can be represented as,                     A₁g²  T₁u⁶  Eg⁴  T₂g 

           The complex  is diamagnetic because electron pair in the T₂g level rather than entering the higher level.


(3 marks)


(Diagram – 5 marks)
Diagram – 5 marks

12Give an account of the classification of various error and describe the methods to minimize errors.?
          Error is the difference between the true value and measured value. Errors are classified on the basis of their origin into 3 major types.

1. Gross errors       2. Determinate errors or systematic error     3. Indeterminate error or random error

1) Gross error:     Gross errors occur mainly due to the carelessness or ineptitude on the part of the analyst carrying out the experiment.

        Eg; wrong recording of data (1 mark)
2) Determinate error:Systematic error occurs when the mean of a set of measurements differ from the true or the accepted value. These errors have a definite source that can be identified. The magnitude of a determinate can be determined and the measurement can be there by corrected.
                  Systematic errors are caused by three different sources

a) Method error: Method error are inherent in the method of analysis and hence not easy to detect. These errors are the most serious in nature, and arise due to non-ideal condition employed such as non-specificity of reagents, instability of species and incompleteness or slowness of analytical reactions.
b) Instrumental errors :   These include errors caused by all measuring devices such as volumetric apparatus, balance and electronic instruments.

c) Personal error:   These occurs due to wrong judgment as in the case of reading the graduation marks in a burette or pipette , visual detection of colour change of indicators in titration or pre conceived ideas for attaining analytical values closer to true value. These may also occur while recording the value in observation notes.                        (4 mark)
3) Indeterminate error :  They arise due to the slight variation that occur in successive measurement made by the same observer. Most of the random errors are small and that they can’t be detected or measured individually. Random errors in an experiment data cannot be avoided and occur with a random distributed. They are best treated by statistical technique based on mathematical laws of probability so that some conclusion on the most probable result of series of measurement can be arrived at. (1 mark)
Minimization of error
· Calibration of apparatus and instruments.

· Performing duplicate or parallel determinations  to check precision.

· Performing blank determinations.

· Performing controlled determination.

· Selecting independent method of analysis

· Standard addition method

· Internal standard method
                                                                                   ( Mentioning of any four method -1 marks)
                                                                    ( Explanation of any two method-(1[image: image66.png]


 x 2 )= 3 marks)
13)      Explain and prove the five important rules concerning irreducible representation and their characters?
           We can derive five important rule from the GOT .These rules are useful for the construction of the character table .

      Rule 1: The number of irreducible representation in a group is equal to the number of classes of elements in the group.

                As per this rule , there will be four irreducible representations in the C₂ᵥ point group since there are four classes of elements in the group. The six elements in the C₃ᵥ point group fall into three classes. There will be 3 irreducible representations in the C₃ᵥ point group.

      Rule 2: All elements with same character belongs to the same class.

                In the C₃ᵥ point group, C₃ and C₃² form one class and hence these operation will have the same character . Similarly all the three σᵥ’s form one class and will have the same character . Thus C₃ andC₃² are written together as 2C₃ and σᵥᶦ,σᵥᶦᶦ,σᵥᶦᶦᶦ as 3σᵥ in the character table of C₃[image: image68.png]


 point group.
     Rule 3:  The sum of the squares of the dimensions of the irreducible representations of a group will be equal to the order of the group.

                   If l₁,l₂,l₃….are the dimensions of the representations,

                           l₁²+l₂²+l₃²+………= ∑lᵢ² = h

 In C₂ᵥ point group, there are four irreducible representations. If l₁, l₂, l₃ and l₄ are the dimensions of these representations

                            l₁²+l₂²+l₃²+l₄² = 4, since the order of the group is 4 .This equation is valid only if l₁=l₂=l₃=l₄=1
    Rule 4: The sum of the squares of the character of a given IR is equal to the order of the group

                  In the character table of C₂ᵥ, all the character are either 1 or -1 . If we take the squares of these character and add up, we get 4, the order of the group

     Rule 5: The character of any two irreducible representations of a group are orthogonal.

                   For instance , if we take Г₁ and Г₂ , the representation of C₂ᵥ point group , then 

                         (1x1)+(-1x-1)+(1x-1)+(-1x1) = 0
                   Similarly Г₂ and Г₃ 

                         (1x1)+(-1x-1)+(1x-1)+(-1x1) = 0               (10marks)
  14) Give an account for the preparation, properties and structure of Heteropoly acids of Molybdenum and Tungsten.?
             These acids are obtained by the union of varying number of acid anhydride molecules ( generally Wo₃, MoO₃, V₂o₅) with some other acid which could furnish the central atom of central ion of the whole complex ion. The ability to act as the central atomin heteropolyacids  is found amongst the acid forming elements as well as among the metals of the transition series.

Preperation ; Heteropoly acids are formed by the union of varying number of acid anhydride molecules most commonly WO₃, MoO₃ or V₂O₅ ,  with  acid which must furnish the central atom of central ion of whole complex ion. Then the salt of polyacids are obtained by acidifying this solution to an appropriate hydrogen ion concentration. A variety of different types of heteropoly anions may therefore be formed by taking different ratios of acid anhydride molecules and such acids which furnish central atom of central ion. For example hetropolymolybdates and tungstate are produced when alkaline solution of normal molybdate or tungstate are acidified in the presence of PO₄³⁻, AsO₄³⁻ , SiO₄⁴⁻ ,BO₃³⁻, IO₄⁻, and TeO₆⁶⁻ ions.
                                PO₄²⁻ + 12MoO₄²⁻ + 24 H⁺
                    PMo₁₂O₄₀ ³⁻ + 12 H₂O

SiO44- +  12WO₄²⁻ + 24 H⁺                  SiW₁₂O₄₀ 4⁻ + 12H₂O
The heteropoly acids are generally extracted from aqueous solution by ether and esters. Purification of these materials is usually done by crystallization from water or organic solvents. Whenever heteropoly acid are prepared certain precaution should be kept in mind
· Exact quantities of acid anhydride molecule and the acid which furnish central atom of central ion must be taken
· Exact pH must be maintained

· Equillibrium has to be established which is indicated by the fact that pH remains constant throughout the reaction 

· Most of the heteropolyacids have to be prepared at room temperature because at high temperature evapouration and concentration cause hydrolysis and change the pH of the solution 












(Preparation-3marks)

Properties

1. In general heteropolyacids are soluble in water and ether . Heteropoly molybdate and tungstate of small alkali metal ions are water soluble whereas large metal ions are insoluble in water.

2. Heteropolyacids are generally attacked by hydroxyl ions. These are completely decomposed by strong alkalis.

              34OH⁻ +   P²Mo₁₈O₆₂   ⁶⁻                  18MoO₄²⁻ + 2HPO₄²⁻ +16 H₂O

3. Heteropolyacids exhibit isomorphism. In these compounds, the co-ordination radicals Mo₂O₇ could replace W₂O₇ or vice versa without bringing any change in the crystalline form. In some case , the shape of the crystal is not changed provided the basicity of the acid in maintained same. 

H₈    [Si(Mo₂O₇)₆]    + W₂O₇                                            H₈  [ Si(W₂O₇)]
4. The heteropoly acids exhibit very high basicity but the maximum permitted basicity is never reached.

5. These acids form soluble precipitate with many complex organic compound such as albumin and various alkaloids.    (Properties – 3marks)
Heteropoly acids of molybdenum 
         If  a molybdate like sodium molybdate is made to react with an acid in the presence of phosphate, silicate  and metal ion , heteroply anion are produced.

1) 12- molybdo heteropoly acid (series A) -  The phosphomolybdate test for phosphate anion in qualitative analysis is an example of heteropoly  anion formation. In the test solution containing phosphate is treated with an excess of ammonium solution and the resulting mixture is strongly acidified with concentrated nitric acid and warmed with a canary yellow ammonium phosphomolybdate is precipitated.
  H₃PO₄ + 21 HNO₃ + 12(NH₄)₂MoO₄                         (NH₄)₃ [PMo₁₂O₄₀]  + 21 NH₄NO₃ +12 H₂o

Similarly a yellow precipitate of ammonium molybdo-arsenate , (NH₄)₃ [AsMo₁₂O₄₀] is obtained. These anions [PMo₁₂O₄₀]   and  [AsMo₁₂O₄₀]    are knownas 12-molybdoheteropoly anions and they have the general formula [Xⁿ⁺Mo₁₂O₄₀]⁻⁽⁸ ⁻ⁿ⁾ 
In the structure cavity which is the centre of the anion is surrounded by a tetrahedron of four oxygen atoms. The cavity is sufficiently big to contain a relatively small atom such as P⁵⁺, Si⁴⁺, Ge⁴⁺, Ti⁴⁺. Nearly 35-40 atoms form heteropoly acids.The MoO₆ octahedral share their apices with neighbouring octahedral. This gives a tetrahedral cavity in the centre which accommodates small atoms like phosphorous or arsenic.


2) 12 – molybdoheteropoly acids (series- B) – In this type the heteroatom is larger in size eg; Ce⁴⁺ and Th⁴⁺. The structure of (NH₄)₂H₆ CeMo₁₂O₄₀ is shown below, in this structure there is a distinctive feature which is unique. There are pair of MoO₆ octahedral that share faces to form MoO₉ group. These MoO₉ groups coordinate around cerium atom. We have said earlier that in the polyacid structure , octahedra share generally edges or apices and rarely faces.

3) 6- molybdoheteropoly acids – These structure are produced with heteroatoms Te⁶⁺ and Rh³⁺ . In these  structure the heteroatom is coordinated in an octahedral cavity which is formed by a ring of six MoO₆ octahedral which are joined at the edges. If the position of the heteroatom in 6-molybdoanion is takenup by MoO₆ octahedron we get another type of polyanion which is the heptamolybdate.

       Explanation of structure of any two heteropoly tungstates – 2marks

      Explanation of structure of any two heteropoly molybdates – 2marks

15) Discuss the chemistry of processes in hydrosphere?

          Hydrosphere include all the surfaces and ground water sources  such as oceans, seas, rivers, streams, lakes, reservoirs, glaciers, polar ice caps, ground water and the water locked in rock cervices and mineral lying deep below the earth crust. Earth is called the blue planet, because about 80% of its surface is covered by water.But how , about 97%  of the earthswater resource is locked up in the ocean and seas, which is too saline to drink and for the direct use for agriculture and industrial purpose. About 2.4% is trapped in giant glaciers and polar ice caps. Thus not even 1% of the total worlds water resource is available for exploitation by man for  domestic , agricultural and industrial purposes. (General introduction – 1 mark)
Hydrologic cycle consist of a balanced continuous process of evaporation, transpiration , precipitation, surface water runoff,and ground eater movement.Water vapour in the atmosphere condenses and fall as precipitation( rain,snow etc..)some of this water will runoff the land surface to form streams, rivers and lake while some will percolate through soil, subsoil and porous rock strata before emerging as surface water, some of which flow to the oceans carrying dissolved and suspended material. Evaporation from water surfaces and transpiration by plants complete the cycle by adding water vapour to the atmosphere. Hydrologic cycle has three subcycles:

1 Short cycle of evaporation and precipitation over ocean area.

      2 Long cycle of evaporation from ocean areas and evaporation and transpiration from land areas, precipitation overland and eventual partial return to the ocean as river as river runoff.
3  The very long cycle, consisting of degrading of the lithosphere and recently discovered return of water to the magma by slipping under marine sedimentary deposit at the continental shelves.
                   The extraordinary properties of water is due to hydrogen bonding.A molecule of water can form  four hydrogen bond. The oxygen atom in the molecule can bond to two hydrogen atoms in other molecules because it has unshared electrons. Each hydrogen atom in a water molecule can bond to an oxygen atom in another molecule. Compared to hydrogen compounds of other elements water has an unexpectedly high boiling point because of hydrogen bonding. water is also having highest heat capacity. The heat capacity of water has enormous implications on earth’s climate. Oceans can absorb very large amount of heat without showing rise in temperature. 

As heat of fusion and heat of vaporization are related to heat capacity,it is not surprising that their values are higher for water than practically any other substance.it is also due to hydrogen bonding. Waters high heat of vaporization affects earths climate.In the summer, water evaporates rom the surface of ocean and lakes. The heat energy needed for evaporation is drawn from the surrounding and in consequence ,nearby lan masses are cooled.on a hot day land close to a large body of water is always cooler than land farther away from the water  (Hydrologic cycle : 5 marks)
Acid base property: water undergoes self ionization which is called autoprotolysis  in which it acts as both an acid and a base

H₂O + H₂O
                         H₃O⁺ + OH⁻
H₂O 
H⁺ + OH⁻       (1 mark)
Carbon dioxide in water: carbon dioxide is the most important weak acid in water .It is dissolved in virtually all natural water. The largest fraction of CO₂ found in natural water comes as a result of the decomposition of organic material by bacteria.The amount of gas dissolved in water can be calculated using Henry’s law, which states that the solubility of the gas in  a liquid is proportional to the partial pressure of the gas that is in contact with the liquid.
                [CO₂](aq)   = [image: image70.png]kco.Peo.



    (1 mark)
Alkalinity : Alkalinity is the capacity of water to accept H⁺ to reach a pH of 4.5 which is second equivalence point in the titration of carbonate with H⁺. Generally alkalinity is controlled by the concentration of OH⁻, CO₃²⁻, and HCO₃⁻ in water. Because these ions can act as pH buffer and a reservoir for inorganic carbon, the determination of the alkalinity of a natural water is a measure of its ability to support aquatic life.

       Alkalinity = [OH⁻]   +   [CO₃²⁻ ]  + [ HCO₃⁻]  (1 mark)
Dissolved oxygen: 1 mark
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