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The effective atomic charge and extraatomic relaxation energies of donor atoms in ligands change a s  expected on 
coordination and depend on the strength of the metal-ligand bond which is governed mainly by the mutual influence of 
ligands in the coordination compounds investigated. 

Recently a new method for the determination of effective 
atomic charge, extraatomic relaxation energy and Madelung 
potential in chemical compounds has been proposed.' This 
method is based on the experimentally measured energies of 
X-ray emission, ESCA and Auger transitions and allows one to 
derive a quantitative description of electron density changes in 
ligands upon coordination. The main features of the method 
can be outlined as follows. The chemical shift (AE,,) of the Ka 
line in the X-ray spectrum of a compound compared with that 
of an element, the binding energy (E,,) of the 2p inner level of 
an atom and the energy (E,,.,) of Auger transition KLL can be 
expressed as in eqns. (1)-(3) where E,(q) is the ionization energy 

of the ith state of a free ion of a particular element, with 
effective charge q. M is the Madelung potential for the atom 
under investigation, $ is the work-function of the compound 
and R, is the extraatomic relaxation energy. For a bond A-B 
between atoms in a given compound, Re is the decrease in 
photoionization energy connected with the relaxation of elec- 
tron wave functions of other atoms B, owing to the positive hole 
in atom A. According to this definition the R, values should 
correlate with the polarizability of the A-B bond or of atoms 
B,. The physical meaning of R, is discussed in detail else- 
where.'., Using the experimental values AE,, as described' and 
literature cited therein one can determine the effective atomic 
charge q of atom under investigation in a compound. E,,(q) and 
E,,,(q) values can be calculated with good accuracy using the 
Hartree-Fock method. R, and M - +values can be determined 
from eqns. (2) and (3). 

It should be emphasized that eqn. (I) is a consequence of 
eqn. (2) in the case of the Is and 2p levels. Eqns. (2) and (3) are 
valid for free atoms, ions and atoms in chemical compounds. 

The experimental AE,,, E,, and EK,, values for various free 
ligands and coordination compounds are presented in Table 1. 
The experimental details are similar to those described in ref. 2. 
The experimental errors were about ? 0.007 eV for AE,,, 
? 0.2 eV for E,, and ? (0.34.5 eV) for EK,,. 

The S and P atoms in the ligands SC(NH,),, OSMe,, SO3'- 
and PPH, act as electron donors upon coordination. The 
negative charge on the S atom in SC(NH,), should therefore 
decrease and the positive charges on S or P atoms in OSMe,, 
SO,,- and PPH, should increase on coordination. This is 
indeed the case (Table 1). The changes in q values on coordi- 
nation are usually of the order of + 0.1 e. The essential point is 
the strong dependence of the change in charge on the mutual 
influence of the ligands. Let us consider this point using the 
thiourea compounds as examples. 

In compound 2 (Table I), where SC(NH,), is not coordinated 
to a transition metal atom, the q value for the S atom coincides 
with that for the molecule in the solid state within the limits of 

experimental error. In compound 3, the ligand is in a position 
trans to the Rh-Rh bond, which is known to have a strong trans 
influence3 and to prevent electron density transfer from the 
donor ligand to the metal atom. In this case the observed 
increase in electron density on the S atom is already outside the 
possible limits of experimental error, but is still small. In 
compounds 4 7  this increase of electron density in comparison 
with the non-coordinated ligand is manifested quite clearly. 

The trans influence of the Rh-Rh bond is also well estab- 
lished for other ligands, as shown by a comparison of com- 
pounds 9 and 10, 15 and 16, 17. In all these cases the Rh-Rh 
bond diminishes the donor abilities of the ligand trans to this 
bond and this effect is reflected by a decrease of effective charge 
on the S and P atoms in such compounds in comparison with 
other coordination compounds (Table I). 

The trans influence of the Pt-PPh, bond in compounds 16 
and 17 is manifested by a smaller charge on the P-atoms in the 
trans complex than that in the cis complex (the relative experi- 
mental error in determining q for these compounds was 
+- 0.01 e). 

A trans influence was also expected in compounds 6 and 7, 
because thiourea is known to have a strong trans influence. 
Possible explanations for its absence in these cases are the 
difference in outer sphere anions and the bidentate character of 
the ethylenediamine ligand in 6. The absence of data on the 
structure of compound 6 prevented us from discovering how 
the trans influence manifests itself in interatomic distances. 

According to the definition the value of R, for a donor atom 
in a ligand should increase on coordination in comparison with 
that in a free ligand. This statement is valid for all the 
compounds in Table 1. In principle, the value of R, should be 
sensitive to the trans effect in a similar way to that of q. 
However, the large experimental error for the % values, which 
was estimated as about +- 0.4 eV, prevented us from analysing 
the experimental data in this respect. 

In conclusion let us analyse the dependence of the experi- 
mental E,, and E,,, values on q and Re values. The dependence 
of E,, on q [eqn. (2)] is approximately linear.' In the case of a 
large change in q values the difference in E,,(q), but not in Re 
and (M - +), determines the value of AE,, in coordination 
compounds. It is noteworthy that the values of AE,, between 
coordinated and free ligands usually correlate with changes in q 
values, although the difference Aq is quite small in this case. 
The correlation between AE,, and Aq holds especially well 
where a trans influence is present (e.g. corresponding values for 
compounds 1,3 and 4 7 ;  8,9 and 10; 14,15 and 16,17 in Table 
1). However, no trans influence was observed for the P,, 
binding energy values in compounds 16 and 17, although it is 
well manifested in the q values. The trans influence of metal- 
metal bonds on the binding energy of neutral and acidic ligands 
has been studied in detaiL4,' 

Received in USSR, 13th June 1990 
Received in UK, 3lst August 1990; Corn. 0/03032E 

Mendeleev Commun., 1991, 1(1), 3–4



Table I Experimental and calculated energy parameters/eV 

No. Compound 

1 SC(NH2), (thio) 
2 trans-[RhCl,(en),]CI, ( t h i ~ ) ~  
3 Rh2(MeC02)4(thio)2 
4 [Rh(thio),]Cl(NO,), 
5 [Ni(thio),]Cl, 
6 cis-[Pt(en)(thi~)~](NO~), 
7 trans-[Pt(NH,),(thi~)~]Cl~ 
8 Me2S0 (dmso) 
9 Rh2(MeC02)4(dmso)2 

10 Na[RhCl,(dmso),] 
11 Na2S03 
12 Na,Rh(SO,),. 3.5H20 
13 Na[Rh(NH,)4(S0,)21 
14 PPh, 
15 Rh(MeCO,),(PPh,), 
16 ~is-[PtCl~(PPh,)~] 
17 tran~-[PtCI~(PPh,)~] 

" In the units of elementary charge. hen  = H2N(CH2),NH2. ' Data2 for the free molecule in the gaseous phase. " M value2 was that for the free 
molecule in the gaseous phase. 
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