Catalysis by Heteropoly compounds

Introduction

Catalysis by acids and bases are an important branch of science in this field.   Mineral acids  such as H2 SO4, HF and ALCl3  are widely used in the industry.   Especially the petroleum Refining industry has been using yearly ~2.5  M tons sulphuric acid and ~ 500 tons of anhydrous HF. Now a days a variety of solid acid catalysts  like zeolites, SAPOs, Clays, Pillared clays, ion-exchange resins, oxides, sulphates, mixed oxides, heteroply acids, immobilized enzymes, and carbonates are exploited as catalysts in industry.   The list of reactions  promoted by acids and bases are many and a chosen list is given in Table 1 for a feel of the extent of invasion of them in industrial exploitation.
	S. No
	Type of solid acid or bases as catalyst
	Approximate number of Processes

	1
2
3
4
5
6
7
8
9
	Zeolites
Oxides and complex oxides
Ion exchange resins
Phosphates
Other solid acids
Clays
Immobilized Enzymes
Sulphates and Carbonates
Sulphonated poly siloxanes
	74
54
16
16
7
4
3
3
3


One can notice that among the typical acid base catalysts employed in industrial processes, above 40% of them employ zeolites as catalysts.
The metals of groups VB (Vanadium, Niobium, and Tantalum) and VIB (Chromium, Molybdenum, and Tungsten) in +5 and +6 oxidation states, respectively, form weak acids that readily condense (polymerize) to form anions containing several molecules of the acid anhydride. If these condensed acids contain only one type of acid anhydride, they are termed isopoly acids, and their salts are called isopoly salts. The acid anhydrides also can condense with other acids (e.g., phosphoric or silicic acids mostly) to form heteropoly acids, which can form heteropoly salts. The condensation reactions, which occur reversibly in dilute aqueous solution, involve formation of oxo bridges by elimination of water from two molecules of the weak acid. The best-known and simplest example is the condensation of yellow chromate ion (CrO42−) to form the orange isopoly dichromate ion (Cr2O72−), an equilibrium reaction the extent of which depends on the pH. In acidic solution the isopoly anion Cr2O72−, predominates while in basic solution the simple ion CrO42− predominates.
The condensation can vary and thus a series of heteropoly acids and anions can be visualised.   When the condensation involves Mo or W, there are possible anions with P or Si ions.   When the condensation involves 12 cations like [XM12O40]n-, these systems are known as Keggin anions.  This particular anion has been extensively studied and also the acid is employed as catalysts.  There can be other anions involving these two cations (namely Mo or W) and the central cation (P or Si) and the well-known ones are given in Table.1 with their structural features. 
Table 1.   Typical anion structures of well-known heteropoly acids
	Name and coordination
	Anion formula
	Structure

	Keggin Structure (1:12)

	[XMo12O40]n-
	[image: Hexamolybdate]

	Wells-Dawson structure (2:18),
	[X2M18O62]n-

	[image: Dawson ion]

	Anderson-Evans structure (1:6)
	[XM6O24]n-

	[image: Anderson ion]

	Dexter-Silverton structure (1:9)
	[XM12O42}n-

	[image: Dexter–Silverton polyoxometalate]

	Strandberg Structure-

	[HP2Mo5O23]n

	[image: ]

	Allman-waugh structure

	[XM9 O32 ]n-

	[image: Allman–Waugh ion]

	Weakly-Yamase structure

	[XM10O36]n-

	[image: Weakley–Yamase polyoxometalate]


Structure of heteropoly anions
Before dwelling the unusual acid and redox catalytic behaviour of heteropoly compounds let us look some generalities in the structure of these cluster species. The catalytic behaviour of these type of cluster species is mainly due to the structure adopted by them.   The acidic proton which is  general  counter cation in heteropoly acids are in protective environment of these anions and hence their acidity behaviour is unique and exceptional. This aspect will be taken up subsequently. Generally, the structures adopted by heteropoly compounds (or anions) consist of polyhedron of the addenda atoms around the polyhedron of the hetero atom.  For example, in Keggin type (1933) heteropoly anion (PWMo12O40)3- MoO6 octahedron is present around the PO4 tetrahedron and how these share edges, faces or points result in a variety of structures.  For example, the addenda atom octahedral polyhedron involves M-O bond with π character and this causes the central metal is displaced to the peripheral vertices in the polyhedron. Secondly, in general, the structures adopted by heteropoly anion does not contain addenda atom octahedron with more than two free vertices. This statement goes by the name Lipscomb principle. In the centre of the structure the PO4tetrahedron is enclosed by 12 octahedrons sharing corners and edges as shown in Fig.1. The 12 octahedrons can be conceived of four  M3O13 groups, each group formed by three edge sharing octahedrons with a common oxygen atom which also have a central tetrahedron in common.
[image: ]
Fig.1. The projections of the Keggin (α) structure [XM12O40]n-8
 Rotation of each M3O13 groups by 60 degree about its C3 axis will result β isomer. The other isomers, γ, δ or ε -isomers can be obtained by rotating two, three or all four M3O13 units respectively.   The treatment of the Keggin unit with base gives rise to mono or di-lacunary polyoxometalates like [XM11O39](n+4)- and [XM10O36]9n+5)-
Other Heteropoly anion structures
Wells-Dawson structure:  The Dawson anion [X2M18O62]8- consists of two truncated XM9 Keggin units symmetrically assembled to form X2M18  cluster as shown in Fig.2.
[image: ]
Fig.2. Pictorial representation of the construction process for a Keggin to Dawson structure
The Anderson Evans structure
This structure consists of six edge-sharing octahedra around a central edge-sharing heteroatom of the Oh symmetry resulting in a planar arrangement.

image1.jpeg




image2.jpeg




image3.jpeg




image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg




image8.emf

image9.emf

