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22.8: Coordination Compounds

A characteristic feature of the transition metals is their ability to form a group of compounds called coordination compounds,
complex compounds, or sometimes simply complexes. A typical coordination compound is the intensely blue solid substance
Cu(NH3)4SO4 which can be crystallized from solutions of CuSO4 to which a very large excess of concentrated NH3 has been
added. These crystals contain two polyatomic ions, one of which is the sulfate ion, SO4%, and the other of which is the complex
ion Cu(NH3),>" which is responsible for the blue color.

We can regard a complex ion such as Cu(NH3),>" as being the result of the interaction of :NHj3 acting as a Lewis base with the
Cu’" ion acting as a Lewis acid. Each NH3 molecule can be considered as donating a pair of electrons to a central Cu®*, thus
forming four coordinate covalent (dative) bonds to it:
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Most coordination compounds contain a complex ion similar to Cu(NH3),2*. This ion can be either positively charged like
Cr(H;0)¢%", or it can be negatively charged like CoClg3~. Neutral complexes like Pt(NH;),Cl, are also known. All these species
contain a central metal ion attached by coordinate covalent bonds to several ligands. These ligands are invariably Lewis bases.
Some typical examples of ligands are H,O, NH;, Cl-, OH~, CN-, Br-, and SCN~. The number of ligands attached to the central
metal ion is said to be its coordination number and is usually 2, 4, or 6. The group of ligands bonded to the metal taken collectively
is said to constitute the metal’s coordination sphere.

When writing the formula of a coordination compound containing complex ions, square brackets are usually used to enclose the
coordination sphere. Examples are

[Cu(NH,),]SO,
[Cr(H,0)4]Cly
.« [Pt(NH,),Cl]
* [CU(NH3)4](NO3)2
o K;3[Fe(CN)]
« [Pt(NH,),][PtCL]

When such compounds are dissolved in H,O, each of the ions present in the solid becomes an independent species with its own
chemical and physical properties. Thus, when 1 mol [Cr(H>O)g]Cl; crystal is dissolved in H,O the solution contains 1 mol
Cr(H,0)6>" ion which can be recognized by its characteristic grayish-violet color and 3 mol CI~ which can be detected by the
precipitate of AgCl which forms when AgNOj is added to the solution.

Table 22.8.1: Observations on Complex Compounds Containing PtCl,, NH3, and KCI.

c d Molar Conductivity/A V-1 Moles AgCl Precipitated per Electrode to which Pt
ompoun dm? mol! Mole Compound Migrates During Electrolysis
[Pt(NHs3)4]Cl, 3.0 2 immediately Cathode
1i iately; 1 af 1
[Pt(NH3)CIICI 12 immediately; 1 after severa Cathode
hours
Pt(NH3),Cl, ~0 2 after several hours Does not migrate
K[Pt(NH3)Cl3] 1.1 3 after several hours Anode
K5[PtCly] 2.8 4 after several hours Anode

An even better example of how the various ions in a coordination compound can behave independently when dissolved in water is
provided by the set of Pt(II) complexes shown in the table. The first of these compounds contains the complex ion [Pt(NH3)4]>* and
in each subsequent compound one of the NHj3 ligands in the coordination sphere of the Pt is replaced by a CI~ ligand. As a result
each compound contains a Pt complex of different composition and also of different charge, and when dissolved in H;0O, it shows
just the conductivity and other properties we would expect from the given formula. When 1 mol [Pt(NH3)3Cl]Cl is dissolved in

https://chem.libretexts.org/@go/page/49652



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/49652?pdf
https://chem.libretexts.org/Bookshelves/General_Chemistry/ChemPRIME_(Moore_et_al.)/22%3A_Metals/22.08%3A_Coordination_Compounds
https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Chemical_Bonding/Fundamentals_of_Chemical_Bonding/Coordinate_(Dative_Covalent)_Bonding
https://chem.libretexts.org/Ancillary_Materials/Reference/Organic_Chemistry_Glossary/Coordination_Number

LibreTextsm

H,0, it furnishes 1 mol Pt(NH3)3Cl" ions and 1 mol Cl™ ions. The strongest evidence for this is the molar conductivity of the salt
(1.2 A V! dm? mol ™), which is very similar to that of other electrolytes like NaCl (1.3 A V~' dm? mol™") which also yield a +1
ion and a —1 ion in solution, but very different from that of electrolytes like MgCl, (2.5 A V~! dm? mol™) which yield one + 2 ion
and two —1 ions in solution. The conductivity behavior also suggests that the Pt atom is part of a cation, since the Pt moves toward
the cathode during electrolysis. The addition of AgNOj to the solution serves to confirm this picture. One mol AgCl is precipitated
immediately, showing 1 mol free Cl™ ions. After a few hours a further mole of AgCl is precipitated, the CI~ this time originating
from the coordination sphere of the Pt atom due to the slow reaction

[Pt(NH,),Cl]* (ag) + Ag" (ag) + HoO — [Pt(NH,),H,0]** (ag) + AgCl(s)

It is worth noting that in all these compounds, Pt has an oxidation number of + 2. Thus the combination of Pt with one NHj; ligand
and three CI™ ligands yields an overall charge of 2(for Pt) — 3(for Cl) + O(for NH3) = —1. The ion is thus the anion [PtNH;Cl;]™
found in compound 4.

v/ Example 22.8.1: Oxidation State

What is the oxidation state of Pt in the compound Ca[Pt(NH3)Cls],?
Solution

Since there are two complex ions for each Ca®" ion, the charge on each must be —1. Adding the charge on each ligand, we
obtain —5(for CI7) + O(for NH3) = —5. If the oxidation number of Pt is x, then x — 5 must equal the total charge on the complex
ion:

z-5=-1

or
r=+4

The compound in question is thus a Pt(IV) complex.

This page titled 22.8: Coordination Compounds is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Ed
Vitz, John W. Moore, Justin Shorb, Xavier Prat-Resina, Tim Wendorff, & Adam Hahn.

https://chem.libretexts.org/@go/page/49652



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://chem.libretexts.org/@go/page/49652?pdf
https://chem.libretexts.org/Bookshelves/General_Chemistry/ChemPRIME_(Moore_et_al.)/22%3A_Metals/22.08%3A_Coordination_Compounds
https://creativecommons.org/licenses/by-nc-sa/4.0
http://wiki.chemprime.chemeddl.org/

