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ABSTRACT 

Further splitting of chlorine superhyperfine lines 

on the EPR spectrum of the [Ir(CK)^Cl23 "molecular species in 

KaCl host lattice indicates a super-superhyperfine interaction 

with the nearest neighbors sodium atoms. 



In a recent paper (1) we reported on the EPR study 

of the new molecular species [Ir(CK)4Cl2| " formed by 2 HcV 

electrons irradiation of KC1 single crystals doped with 0.5% Holar 

of K3Ir(CN)6> followed by thermal treatment at 4009C. EPR 

analysis of NaCl : K3lr(CN)6 single crystals submitted to similar 

conditions also reveals the presence of this axially symmetric 

di-chlorinated paramagnetic species, as demonstrated by a well 
7 

resolved super-hyperfine interaction between the 5d d 2 

unpaired electron and two equivalent axial chlorines, besides the 

hyperfine interaction with the iridium nucleus. New features, 

however» are present in the parallel feature of these EPR spectra; 

each line of the above mentioned superhyperfine structure is in 

itself a resolved multiplet as shown in figure 1. We shall call 

this additional splitting as super-superhyperfine structure 

(sshps) for reasons we intend to show in the present work. 

As can be also seen in figure 1, the sshps is not 

present for the KC1 host lattice, though EPR spectra in this 

lattice show much smaller line widths than for KaCl single 

crystals, due mainly to differences in the alcali nuclear 

magnetic moments and in the inter-atomic distances. 

At a first glance we are tempted to assign this 

interaction to the superhyperfine interaction with the equatorial 

cyanides as found in the divalent iridium penta-cyanide complexes 

(2). If this were the ca^e, however, sshps would also be 

present, and much better resolved, for the KC1 host lattice. In 

order to further investigate on the sshps origin we decided to 



analyse in nore details the divalent iridium h^.rachloride complex 

in FiaCI hosi lattice. This complex has the same D.. symmetry, 

and *A. (d ,) ground configuration, exhibiting a similar two-

chlorines superhyperfine interaction and a similar low (a|2 value 

(- 0.3) for the d . metal molecular orbital coefficient (3). 

Figure 2 shows the parallel feature of the |lrCl,|4~ : KaCl EPR 

spectrum at 15K; this spectrum shows practically the saac 

super - superhyperfine structure, which is not resolved at. liquid 

nitrogen temperature. So, cyanides can be ruled out as fir as the 

sshps origin is concerned. 

The observed super-superhyperfine interaction can 

be explained if we consider the presence of the nearest 

neighbors sodium atoms (1=3/2 natural abundance 100%). The spin 

density found in all known d low spin complexes having the 

unpaired electron in a d 2 antibonding molecular orbital and 

interacting with two equivalent axial chlorines, no matter the 

equatorial ligands be cyanides or chlorides (4-7) is remarkably 

low; since the measured spin density at the two axial chlorines 

is not greater than about 30&, it is not unexpected to observe 

some spin density at the nearest neighbors sodium atoms. Taking 

the parallel sshps component as approximately 3 Gauss, the 

sshps multiplct line spacing in the parallel spectrum, and 

assuming the perpendicular sshps component as negligible (it is 

not observed, even in highly expanded low modulation spectra), 

we can estimate f = 0.010 and f » 0.023 as the unpaired spin 

density at the s and p sodium orbitais respectively. Similar 



results have been found in the analogous cobalt .tnd rhodium 

complexes. 
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FIGURE CAPTIONS 

Figure 1: Parallel feature of the X-band first derivative EPR 

spectra at 77K of [Ir(CN)4Cl23
4~in KC1 host lattice 

(top) and in HaCl host lattice (botton) 

Figure 2: Parallel feature of the X-band first derivative EPR 

spectrum of [IrClg]'1" in NaCl host lattice at 15K. 

Lines to the right are due to another paramagnetic 

species. 
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