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Extended Co-ordination Theory. I. Configuration of 

Simple Compounds of Typical Elements. 

By Ryutaro TSUCHIDA. 

(Received March 2, 1939.) 

The present paper is to deal with an extension of Werner's co-
ordination theory to simple compounds. 

Chemical valences are usually classified into electrovalence, covalence 
and co-ordinate covalence, but it is impossible to draw sharp boundary-
lines among them. It is a question of degree than of nature. We can 
easily understand this fact from the following examples of metallic halides. 
Whereas stannic chloride forms molecules of the formula SnC14, chromic
chloride is a multinuclear complex(1) in which each chromic ion is sur-
rounded by six chlorine ions octahedrally(2) and each chlorine ion is at-
tached to three chromic ions by co-ordinate covalences. In solid cobaltous 
chloride, the covalent nature is less remarkable, though its crystal struc-
ture(3) shows that it is also a multinuclear complex. Even among bivalent 
cations we can find covalent compounds such as mercuric chloride which 
is one of the typical compounds having molecules. The colour of silver 
bromide is due to the second absorption band,(4) i.e., the co-ordination 
band, because neither silver nor bromine ion has the first absorption 
band.(5) The colour of silver iodide is also attributed to the co-ordination 
band from the same reason, and it is of interest to note that each silver 
ion is surrounded by four iodine ions tetrahedrally(6) just as in the yellow 
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complex ion [HgI4]- which has only the second and the third band.(5) 
In short, solid silver bromide and iodide are not built up purely by electro-
valence, but partly by co-ordinate covalence. Sodium chloride is usually 
regarded as one of the typical ionic compounds, but spectroscopic con-
sideration reveals that it has tendency, though slight, of co-ordination.(1) 
As can be seen from these examples, it is impossible to distinguish the 
kinds of valences. For the purpose of the unitary treatment, therefore, 
every chemical valence may be regarded as a co-ordinate covalence or 
its extreme case. Thus by assuming that ions and molecules are built 
up by co-ordinating ions, molecules and electrons around cations, con-
figuration of all the simple as well as complex compounds may be easily 
found. 

The co-ordination is a mutual saturation of co-ordination numbers 
on both sides of the donor and the acceptor. For example, in 
[Cu(NH3) 4] ++ , both the co-ordination numbers of copper and nitrogen 
are satisfied by co-ordinating NH3 around Cu++ . Any ion in a compound 
may, therefore, be taken as the center of co-ordination in discussing the 
configuration of the compound. For the sake of convenience and con-
sistency, however, cations as given by Kossel(7) are chosen as the co-
ordination center. Thus in methane quadrivalent carbon cation is taken 
as the center and four hydrogen anions as ligands. In ammonia three 
hydrogen anions and a pair of electrons are assumed to co-ordinate around 
quinquevalent nitrogen cation. The valency of nitrogen, recovering two 
electrons, is now three. But in ammonium chloride, quinquevalent nitro-
gen cation is surrounded by four hydrogen anions and the resulting charge 
of the complex ion is plus one, the valency of nitrogen remaining un-
changed. 

The typical element, i.e., the element belonging to the subgroup A of 
the periodic table, is assumed to ionize forming the cation of the charge
corresponding to the number of the group. Then the electronic configura-
tion of the cations of the typical elements are as shown in Table 1. 

Table 1.

(7) W. Kossel, Ann. Physik, [4], 49 (1916), 229; Z. Elektrochem., 26 (1920), 314.
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These cations are co-ordinated with anions and pairs of electrons. 
Let us now consider the configuration of methane for example. In this 

compound four hydrogen anions are assumed to co-ordinate around the 

central quadrivalent carbon cation. All the ligands of a co-ordination 
compound are co-ordinated so that they may be equally distributed in 

space. Applying this rule in the present case, the four hydrogen anions 
should equally divide the space around the central carbon cation. There 

are two such ways, i.e., the tetragonal and the tetrahedral configuration. 
Now it is necessary to decide which configuration is more suitable. Let 

us imagine the electron distribution after co-ordination of the four 
hydrogen ions, by which four pairs of electrons are introduced. We may 

expect that these pairs of electrons should be distributed symmetrically 
by the above mentioned rule and at the same time should satisfy the 

wave-functions for the carbon ion. Now four functions, 2s, 2px, 2py 
and 2pz, are taken, and then we may expect to find that the symmetry 

of the resultant electron density distribution is either tetragonal or tetra-
hedral. The electron density distribution for 2p's together gives an octa-
hedral symmetry, whereas that for 2s a spherical symmetry. The re-

sultant symmetry is, therefore, octahedral. Thus it is easily seen that
the tetrahedral configuration completely fits the symmetry. Four 

hydrogen anions are, therefore, co-ordinated tetrahedrally around the 

carbon ion, the resulting molecule being similar to that derived by 
Pauling(8) by the ingenious method of hybridization. In ammonia three 
hydrogen anions and a pair of electrons are co-ordinated around a quin-

quevalent nitrogen cation. It is postulated that a pair of electrons has 
approximately the same share as other anions. Thus the co-ordination 

number is also four as in methane, and the configuration of ammonia is

pyramidal, the angle ∠ HNH being 109°. For water there are two such

pairs of electrons, and from a similar reasoning as above, the configura-

tion is V-shaped, the angle ∠ HOH being 109°. In all these examples

the co-ordination number was four and four eigenfunctions were taken 

for co-ordination. Let us define such eigenfunctions as co-ordination 
functions. The lowest co-ordination functions for cations of typical ele-

ments are shown in the last column of Table 1. It is postulated that the 
co-ordination functions could not be of different principal quantum num-
bers. Then for all the cations of typical elements, the co-ordination func-

tion begins with s, because the postulate forbids the participation of 3d 
functions in co-ordination with 4s and 4p for K+ and Ca++ and so on. 
Now we can derive the configurations of the compounds of these ions for 

various co-ordination numbers. 
The general rule for co-ordination stated above allows us only six 

kinds of co-ordination numbers, i.e., 1, 2, 3, 4, 6 and 8. As can be easily 
seen, the ions of the elements in the first horizontal series in the periodic

table, i.e., Li, Be, B, C, N, O and F, could not co-ordinate more than four 
ligands, because the L-level contains only four eigenfunctions, 2s and 2p3, 
and the above-stated postulate forbids the participation of 3s and 3p in 

co-ordination with 2s and 2p. The relation between the co-ordination 
number and the configuration is shown in Table 2 with examples. 

(8) L. Pauling, J. Am. Chem. Soc., 53 (1931), 1367.



104R. Tsuchida. [Vol. 14, No. 4, 

Table 2.

For the co-ordination numbers 3 and 8, the eigenfunction for s is 
not available as is shown in Table 2, because the participation of the 
function renders it impossible to find the trigonal and the hexahedral 
symmetry. 

Making use of Table 2, we may easily find the configuration of various 
ions and molecules without any more consideration than the co-ordination 
number. Examples are given in Table 3 for the elements in the first hori-
zontal. series in the periodic table for which the co-ordination numbers, 
1, 2, 3 and 4 only are allowed. 

Table 3.

In Table 3 we find [FHF]-, an example of hydrogen bridge. From 
the present viewpoint, the hydrogen bridge is not so singular as has been 
usually believed, but one of the special cases of co-ordination. A co-
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ordination band(9) due to a hydrogen bridge has been shown in the ultra-

violet region. The trigonal configuration of carbonate, nitrate, and 

guanidonium(10) ions may be easily explained. The complex salts and the 
simple compounds can be discussed by the same method and their con-
figurations may readily be derived by the same simple consideration. 
Thus the isomorphism between the sulphates and fluoroborates or ortho-

silicates and fluoroberyllate may be clearly understood. 
The elements of higher atomic number than neon can give ions and 

molecules of various co-ordination numbers, i.e., 1, 2, 3, 4, 6 and 8. Some 
of the examples are given in Table 4. 

Table 4.

In Table 4 we find sulphur hexafluoride, a compound of "expanded" 
shell. The octet theory(11) has failed to explain the dodecet structure. 
The groups Si04- and AlO54-0;- are the structural units of various silicate 
and alumino-silicate minerals. 

Anomallies of valence-angles are seen among ions and molecules in 
which electrons are co-ordinated just as other ligands. For examples in 
the molecules of ammonia and water, there are pairs of electrons whose 
spins are neutralized. The present author has devised an automatic 
method of taking such electrons into consideration, by first removing the 
electrons from the atom and then co-ordinating them again together with 
other ligands. This consideration is applicable to all the ions and mole-
cules in which the valencies of the elements of the central cations are 
lower than the maximum valencies shown by the group numbers in the 
periodic table. The configuration of such ions and molecules can easily 
be found automatically without any further consideration by a simple 
tabular method. Some examples are given in Table 5. In the first column 

(9) R. Tsuchida and T. Tsumaki, this Bulletin, 13 (1938), 527. 
(10) W. Theilacker, 7,. Krist., 76 (1931), 203. 
(11) I. Langmuir, J. Am. Chem. Soc., 41 (1919),252.
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is written the ion or molecule whose configuration is required. Then the 
ligands are tabulated, a pair of electrons and an odd electron being treated 
just as other ligands. The number of electrons to be co-ordinated can be 
readily found by balancing the valency of the central ion and the charges 
of the ligands with that of the entire ion or molecule. Then the co-
ordination number is found, which in turn gives the configuration by 
Table 2. 

Table 5.

The angles derived by this method fairly coincide with the experi-
mental data as can be seen from the table. 

As is evident from Tables 2-5, the configuration of a molecule or an 
ion is determined only by the co-ordination number, if appropriate con-
sideration is given to "non-bonding" electrons. 

Summary. 

All the chemical linkages may be explained in terms of the co-ordinate 
covalence. By assuming that molecules and radical ions are built up by 

co-ordination of molecules, ions and electrons as ligands around central 
cations whose combining fields are given by sets of wave-functions, the 
configuration of all the simple as well as complex compounds could be 

readily found. 
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