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22.9: Geometry of Complexes
The geometry of a complex is governed almost entirely by the coordination number. We will consider only the most common
coordination numbers, namely, 2, 4, and 6.

Coordination number = 2 
Complexes with two ligands are invariably linear. The best-known examples of such compounds are Ag(I) and Au(I) complexes
such as

 

Both of these complexes are important. The Au(CN)  complex is used to extract minute gold particles from the rock in which they
occur. The crushed ore is treated with KCN solution and air is blown through it:

The resultant complex is water soluble. The silver complex is also water soluble and affords a method for dissolving AgCl, which
is otherwise very insoluble.

This reaction is often used in the laboratory to be sure a precipitate is AgCl(s).

Figure : Structure of (a) Pt(NH3)42+ (square planar) and (b) Zn(NH3)42+ (tetrahedral). Metal ions are dark gray, nitrogen
atoms are light gray, and hydrogen atoms are light color. Geometrical isomers can exist for square planar complexes but not for
tetrahedral complexes.

Coordination number = 4 

Two geometries are possible for this coordination number. Some complexes, like the [Pt(NH ) ]  ion shown in Figure , are
square planar, while others, like Cd(NH ) , are tetrahedral. Most of the four-coordinated complexes of Zn(II), Cd(II), and Hg(II)
are tetrahedral, while the square planar arrangement is preferred by Pd(II), Pt(II), and Cu(II) complexes.

Because the square planar geometry is less symmetrical than the tetrahedral geometry, it offers more possibilities for isomerism. A
well-known example of such isomerism is given by the two square planar complexes

These two isomers are called geometrical isomers. That isomer in which two identical ligands are next to each other is called the
cis isomer, while that in which they are on opposite sides is called the trans isomer. Though these two isomers have some properties
which are similar, no properties are identical and some are very different. For example, the cis isomer of the above complex is used
as an anti-tumor drug to treat cancerous cells. The trans form, by contrast, shows no similar biological activity.

It is worth noting that cis-trans isomerism is not possible in the case of tetrahedral complexes. As you can quickly verify by
examining any three-dimensional tetrahedral shape, any given corner of a tetrahedron is adjacent to the other three. Since all the
corners are cis to each other, none are trans.
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4Au(s) +8 (aq) + (g) +2 O(l) → 4 (aq) +4 (aq)CN− O2 H2 [Au(CN)2]− OH− (22.9.1)

AgCl(s) +2 (aq) → (aq) + (aq)NH3 [Ag(NH3)2]+ Cl−
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Coordination number = 6 

When there are six ligands, the geometry of the complex is almost always octahedral, like the geometry of SF , or of [Cr(H O) ] .
All ligands are equidistant from the central atom, and all ligand-metal-ligand angles are 90°. An octahedral complex may also be
thought of as being derived from a square planar structure by adding a fifth ligand above and a sixth below on a line through the
central metal ion and perpendicular to the plane.

Figure  (a) Cis isomer and (b) trans isomer of [Co(NH3)4Cl2]+. On the macroscopic level the cis form is violet while the
trans form is green.

The octahedral structure also gives rise to geometrical isomerism. For example, two different compounds, one violet and one green,
have the formula [Co(NH ) Cl ]Cl. The violet complex turns out to have the cis structure and the green one trans, as shown in
Figure .
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