THE CLASSIFICATION OF COMPLEX FORMERS AND ADDENDS

ON THE BASIS OF THEIR ENERGY CHARACTERISTICS

'Kl-B. Yatsimirsky

Ivanov Chemico-Technological Institute

In order to judge the stability of‘cdmplex ions, it is most_éxpedient to
review the process of formation of a gaseous complex ion from its constituent
"gas particles: L

24 ‘ . ‘ ‘ ' :
Mig) * nh(g) = Manl(y + W, (1)

where M is the central iom, A 1s the addend, and [MAn] is the complex ion. The
change in energy during this process (W) we shall call "the energy of addition®,

For comblex'ions with the predominant ionic type containing a chemical bond
(aquo ions, complex fluorides, etc.), the energy of addition may be evaluated by
means of the well-known equations of Kossel and Magnus. The value of W is deter-
" mined in this case fundamentally by the electrostatic characteristics of the cen-

tral ion and the addends (by the charges and radii of the ions, and for molecules,
by the dipole moments).. - . ‘ ‘

In the case of complex ions with a covalent bond préﬁpminating (donor-ac- »
ceptor) the energy of addition is not directly related to the electrostatic char-
acteristics of the central, ion and the addends. In order to evaluste the energy

of addition in this case, we shall take as an example the formation of a complex
“ion with the structure: ’ ‘ c : ,

according to the-schemefabove‘(l), we can break down the procéss into several

‘step_S?' . ’ M2+ ‘ X
Mg + 2e = M(g)‘+ I, \ (2)
| 2,y = 2A + 2¢'~ 28, o i ’ (3)
M,y +2A, \+ 2AT V= A Ay - o
(g) ‘.(s) | (s)“- [A‘. M<AJ( | FAy , U ()
L ; . > ) ~ g . )

Thué, for the energy of addition we obtain the following equation:
We = I-2¢+2Dy-p +U, . | (1)

where I is the ‘total ionization potential, E is the electron affinity of the

group A, DM-A is the energy of the covalent bond M - A, and U is the resonance
energy of the structure . under consideration.

The



o Generalizing Equation (l),for any covalent. structure,'we obta1n°'
We = I-nE+mnDy ,+U, o L (II)

7; where n is the total number of donor- acceptor bonds in the complex ilon.

o The overall ionization potential ‘of the. Gentral ion and the electronic af-
finity of the addend are decisive and make possible the quantitative calculation
,of the values. involved in the formation of complex ions with predominantly co-

“'valent bonds. ‘

: There is also a very broad group of complex ions in which the eSsential

. : role is played by. the resonance of the ionic and covalent structures. The reson-‘
- ance energy attains a maximum value in the case where the energies of addition

- for the ionic and covalent structures are equal.” .

s Working on- th1s hypothesis, we can make a classification of complex ions
~ and addeénds on the basis of their energy characteristics, and come olose to'an
'pfexplanation of the phenomenon of selectivity during complex-formation. This -

- phenomenon is pointed out by Grinberg, Wwho payed attention to the fact that there
o is a definite relation between the nature of the complex—former and the addend,
"and that therefore. it is impossible to speak about a tendency to complex—forma—

“. tion.in general, without paying attention to the specific nature of the central .

- atoms and the .addends. - Lebedinsky has indicated the possibility of dividing com-’
© . plex-formers into three groups, according to their tendency to form complexes

with addends containing oxygen, nitrogen, and sulfur,‘ : | A )

. For the formation of a’ stable complex ion with a predominantly ionic bond
,it is necessary not only .that the central ion have a high charge and &' small
. radius, but also that the addend have strong electrostatic characteristics (large
*# charge and .small radius, or considerable dipole moment). 'If at the same time the
- central ion is characterized by a comparatively low ionization. potential, then"it -
- 'cannot form stable covalent complexes. Completely analogous are those addends
'{which are characterized by a great electron affinity, and have-no tendency to
“form stable covalent complexes. Thus, we can designate a group of central lons
- and of addends which we shall arbitrarily call 'electrostatic". . In this group.
‘'weé can place the ions with the outer shells of "the inert gases, characterized. 7
by high charges and small radii (Be2+, A1%%, Ti4+ Zr4Yr, etes ) : The correspond- -
ing addends will be F~ Hgo, and 'in some cases CO T . Lo C

i The central ions with high ionization potentials, but a low electrostatic
w(’characteristic, form stable complexes only. with addends’ which have low electron
L;affinitiesy as it follows from equation (II) that ohly when both these conditions.
~are met. simultaneously can the energy of addition attain an appreciable value.
”'In this group we must place the ions with a non-inert gas nature of ‘the last per-
iods of the Mendeleev system (Au*, Hg?*, Fo2t, B13+, Tl+, etc ) The ‘specific )

—--——-—-.——.—_——_.__._.___._——

N°t9 -Accepting the justified criticism of the: so—ealleq Ptheory" of resonange | ‘given by N.:D. SOkOlUV
(prog. chem. 18, 697, (1049)), I consider that the term ! resonance energy™ in my article is incorrect.

5 In this case we are speaking of the difference between the actual- value of the energy of addition and
" that'calculated by the method of ad %tivity The existence of this difference results from the fact
vlrthat the actual bond in the.ion is intermediate between an 1onlc and a covalent bond and it

:. also results from the delocaliza 1on of the coordinate bonds.

,‘The magnitude of this difference can be evaluated by. means of a method of variations




t

addends for this group of central ions will be 208", I, CNS™, Br_, CSNpHs,

etc. In this case, too, the well-known selectivity will be observed, as the ;
formation of stable complex ions with central ions or addends of the first group’
is improbable because of the low electrostatic characteristic of the particles

"~ of the group under consideration, The central: ions and the addends of this group
we shall arbitrarily call "eovalent?, ~ .

If the central lons are characterized by high ionization potentials and at
the same time by large charges and small radii, they can form stable: complexes
with a large number of addends of different natures, and in particular with add-
ends of both the first and second groups. Central ions of this type may be called
"universal complex-formers®. Typical representatives of this group are the mult-
iply charged ions of the middle series of the transition groups of the Periodic.
System ( Co3t, pt*t, 1rdt, RnSt, cr3t, Cu2+z etc.).

In a completely similar way, we can also designate a group of "universal -
addends" which have at the same time both a high electrostatic characteristic
and, apparently, a low electron affinity, as for example Cp04%~, CN™, C4H406%7,
etc. o L
Finally, 1t is possible to have the case where neither electrostatic inter-
action alone, nor the formation of & donor-acceptor bond leads to s high value of
the energy of -addition, but as a result of the closeness of the values of the
energy of addition for the ionic and covalent structures, a very great resonance
energy arises. This sort of case probably exists with the singly-charged and
doubly charged central lons of the subgroups of the Reriodic System (Ni2t, Co2*,
zn2%, ca®*, Agh, Cu*, etc.). If the value of the ionization potential is at the
same time large, complex—formﬁtion can take place with covalent addends as well
(for example, for the ions Ag , Cut*, Ca®", etc.). These "intermediate” addends
apparently irclude the amines, ammonia, NOZ, HCOz, etc. These ‘addends can form'
~stable. complexes of ions not only with the ihtermediate central ions but also
with the universal .complex-formers. A summary of the main groups of complex-

formers and addends 1s given in tabular form.

Name of group Energy characteristics - _ Exampleé.of Examples of T
: . ' : ‘ __-|complex formers addends

‘1. Electro- High charge, small radius, A18* )yt F_,'Hzo,.:

static complex-| large dipole moment. Ioniza- zi**, B12+ ROH, CO%~, -

formers and tion potential comparatively Hg2+ soﬁ*

addends ' low, electron affinity great. . .

E. Covalent High ionization potential, “ Au+, Hg2+, Sgog', I,

complex-formers | small electron affinity. Low . Pb*, Bi3+, |CNS~, Br-,

and addends electrostatic characteristics. it CSNoHy

3. Universal High ionization potential, Co3t, pit C204

.complex-formers small electron affinity, high Rh3+, Ir3+, C4H40§“,

and addends charge, and small ionic radius. Crat, Cu2t CN™

i, Intermediate | Average values of. all eneréy Ni®t ) gn2+ NHs,

complex-formers character;stics., Co2+, Fe2+, CoHy (NHz) 2,

and addends. : ‘Ag', cu*, ca®t | NOz, HCOn

- This classification is to an obvious degree conditional, in the sense that
the boundaries set up between the different groups of complex~formers.and addends
Just like the actual behavior of these or other particles, is determined by the
- calculated values of their fundamental én¢rgy parameters.

The structures given belong to the case where there is formation of gaseous
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2 #ébmpiex idns'from‘gaéeous chstituent'partfcle54
. in solution,. it is necessary to take into account

in addition the fact that the -
' molecules of solvent may also act as‘addends; .

forming complex solvions. Lo
for.a definite group of complex ions, we can limit
the differencesbetween the energies of addition' of
e given addends to the central ion, as the solva-
group of complexes remains approximately constant
T ammino compounds, complex-chlorides, bromidés;

, To a first approximation,
¢ ourselves to a consideration of
“the’ solvent molecules and' of th
,.tion effects for a given narrow
(for example, within the group o
. ~iodides, etc.).
S

[
'

In the formation of aquo;complexés,'the d

".pole forces., In aqueous. solutions with di
~ ‘stable complexes will be those with large central ions. . Therefore, by no means
]ii‘all coﬁplex ions With'highjionization.potentials are capable of giving stable com-
plexes with covalent addends in aqueous ‘solutions. In this case, the most stable

- ’comglexes will be those in which the central ion has
. Cd®T, -etc.) even if the ionization potential. of such

. that of certain ions with small radii (for example, . the Be2+ ion).

fferent energies of addition, the most

© électrostatic complexes are seldom
~sume that in solvents with small

’ dipole moments, electrostatic complexes will.be
1»“u¢haracterized by great stability. ‘ o

j . '

SUMMARY
e . On-the basis of g review$of ene
< :proposed for complex-forming and adde
-, both.these and other particles are 4i
= b) covalent, c) universal, and d),int
-from this point of view to explain th
'~ compleéx-formation and the differences
tions. - ' R o

rgy characteristics, a classification is
nd ions; according to this classification,
vided into four groups: a) electrostatic, .
ermediaféﬂ(see table). ‘An‘attempt.is made.
e phenomenon of ‘group selectivity during

' 'LITERATURE CITED
.. /A.A.Grinber
- Leningrad, 1945, "

7ﬁRg¢éived;Decemper 30, 1948, -

large dimensions (Pb2+, Ag',

encountered 'in aqueous solutions. We may &s-

in’stability of the complex ions in solu- *

g.’Introduction to the Chémistry of‘CompleXTCompouhdsm \'MOBQOVf' '

“In the formation of complex ions

ecisive role is'played by ionic di-



