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ESR STUDY OF HOT IONS, Ir(II) AND Ir(IV) IN Y -IRRADIATED
Ir(III) COMPLEXES
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Department of Chemistry, Faculty of Science,
The University of Tokyo, Hongo, Tokyo 113

ESR study of Ir hot ions produced in y-irradiated Ir (III)
complexes has been carried out. It has been found that Ir(II) hot
ions take d’ configuration of low spin state. The unpaired elec-
tron is localized in dj,2_,2 orbital in the elongated octahedral
structure. Ir(IV) hot ions are found to be formed in irradiated

Ir(III) hexachloro complexes.

It has been well known that y-irradiation of diamagnetic inorganic complexes
causes the reduction or the oxidation of the central metal atoms in the complexes,
forming paramagnetic species referred to as " hot ions ".1)2)3)

In this note, we report an evidence of the formation of Ir(II) and Ir(IV) hot
ions in the y-irradiated diamagnetic Ir(III) complexes.

Most of the Ir(III) complexes with at configuration are known to take octa-
hedral symmetry and to be in the low spin state because of the larger AE values
of d-d splitting. We have found by this experiment that the central atom of
Ir(III) complex is reduced by y-irradiation, forming hot ion of d7 low spin
state, as well as d° ion in low spin state after oxidization.

ESR patterns of a7 low spin state (S=1/2) may be interpreted in terms of the
spin Hamiltonian of (1).

H = BH-g'S + I-A-S (1)
The g values are calculated theoretically, to the first order as shown in Table 1.

Experimental g values for a7 1low spin state of Ir complex have been reported
by Danon et a1.4), in irradiation of K3[Ir(CN)6]—KCl system. While, the ESR spec-
tra of d° low spin state, which are usually broadened because of the short relaxa-
tion time, have successfully studied with Ir(IV) hexachloro complexes at 4°K by
Griffiths et a1.5) By comparing the observed g values with those obtained by cal-
culation and by literature, both the oxidation state and the spin state of Ir
hot ions can be investigated.

Ir(III) complexes were prepared according to the literature6). The powdered
sample was degassed in a quarz tube at 10_3mmHg and sealed in vacuo. 60Co—y-ray
irradiation was carried out at 77°K on a total dosage of 10® rad with the doserate
of 5x104 rad/h. The ESR spectra were recorded at 77°K on a JEOL 3BSX spectrometer
with 100 KHz field modulation. Among 15 complexes examined, 9 complexes gave ESR
spectra due to Ir.

A typical ESR spectrum of Ir hot ion from K;fIr(NO,),Cl,] is given in Fig.1,
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which coexists with the doublet lines of H atom from glass wall. The spectrum
consists of two main signals, one around 2 and the other at 2.431l.

The former one is assigned to the signal due to the ligand NO, radical as it
presents three hyperfine lines, and the latter to that of Ir complex, which has
four hyperfine lines due to Ir nuclei of Ir191(1=3/2, 38.5%) and Ir193(I=3.2,

61.5%). Furthermore, it is observed that each of the four lines is split into 7
lines,
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indicating the interaction of the unpaired electron with the ligand Cl atoms bond-
ed at the trans position of the octahedral complex. All other spectra of Ir hot
ions, except those from M;[IrCl,] (M=Na or NH,), consist of two kinds of signals
that arise from the radicals of ligand which are observed at about 3300.gauss and
from Ir complexes, whose g values are larger than 2. From the data shown in Table
1, it is concluded that all signals of Ir complex correspond to a’ 1ow spin state
in which the unpaired electron. is localized mainly in d322-r2 orbital of the elong-
ated octahedral symmetry. The g, component, expected to be almost equal to 2, is
not clearly observable as it is overlapped with the large signal of the ligand rad-
ical. In the case of M;[IrClg] (M=Na or NH,), an additional signal is observed at
the higher magnetic field. The ESR spectrum of the irradiated Na;[IrCl¢] is as
shown in Fig.2, which consists of three main signals, the first one at the lower
field corresponding to the signal of Ir complex and the second at about 3300 gauss
corresponding to that of the ligand Cl radical. The third one at the higher field

Table 1. The calculated g values for d7 low spin state

5d orbital Jdu g5 order
dx2_y2 2(1+4r/A1) 2(1+A/A5) Gu>gL>2 A1=IEX2_y2 - Exy|
dyz very large 0.=|Ex2.y2 - Exz,yz |
dyz very large Ay=|E3,2_ 2 - Eyy,yz |
d3,2-r2 2 2(1+)/A3) 9L>gu= 2 8.=|Ex2-y2 - Exz,yz |
dxy 2(1-4)1/Ay)  2(1+r/As) g.>2 > g
Table 2. The observed ESR parameters for a7 low spin state
y-irradiated a7 low spin state a> low spin state
complex gu. A(Ir) _ﬁ(ligand) 9
(10 “cm )
Na3TIrC16] 2.811 67.5 1.81
(NH4)3[IrC16] 2.767 (64.5) 1.88
trans—K[Ir(py)2C14] 2.566 87.4 12 (C1)
[Ir(NH3)6]C13 2.566 106.7
2.631
[Ir(en)3lI4* 12401
trans~K3[Ir(N02)4C12] 2.431 118.5 15.9(Cl1)
c1s—[Ir(EtZS)3Cl3] 2.384
c1s-[Ir(Et3P)3C13] 2.368 88.9
trans-[Ir(phen)zBrler 2.314 15 (N)
* % * %
K3[Ir(CN)6] 2.206 CNax. CNeq. Reference 4)
9,= 2.2110 AX=+3.8 -0.2
9,= 2.2026 Al=+3.8 -0.2
gy= 1.9665 A§=+6.2 +2.3

* g values correspond to two species.



758 Chemistry Letters, 1974

exhibits a broad line, referring to the short relaxation time.

ESR parameters for Ir hot ions from various Ir(III) complexes are summarized
in Table 2. The g values range from 2.811 for the irradiated Na3[IrC16] to 2.206
for the irradiated K3[Ir(CN)6] and the g shift, (gobs._ge)' follows the order of
spectral series of ligand as seen following, which is consistent with the trend

3+ and Cu2+.7)

observed in the paramagnetic complexes of Ti
ESR spectra of Ir hot ions in the irradiated Na3[IrC16], K[Ir(py)2C14],
[Ir(NH3)6]Cl3, K3[Ir(N02)4C12] and [Ir(Et3P)3C13], all have hyperfine structure
of Ir nuclei. The hyperfine lines of irradiated K3[Ir(N02)4C12] and K[Ir(py)2C14]
are accompanied with the superhyperfine structure due to the ligand Cl atoms, while
the spectrum of the irradiated [Ir(phen)zBrZ]Br has hyperfine lines which
seem to arise from the ligand N atom. From the nature of A tensor, A, is expected
to decrease as the covalency of the ligand increases. The observed A, is, however
, in disagreement with the general cases. This may be partially interpreted in
terms of the s character of the unpaired electron, however, more information for
Av seems necessary for further understanding. The signals of smaller g values,
which are observed only with irradiated M3[IrC16](M=Na or NH4), seem to correspond
to d5 low spin state. This is consistent with the chemical nature of the ligand
that stabilizes blth the higher and the lower valency state of the complex.
The following conclusion can be drawn from these experimental results.
1) It has been found that Ir(II) hot ions are mainly produced in y-ray irradi-
ation of Ir(III) complexes and that the unpaired electron is mainly localized in
d3,2_,.2 orbital of the elongated octahedral structure in each Ir(II) hot ions,
trapped in the lowest vacant orbital of Ir complex.

2) g factors for these Ir(II) hot ions vary with the ligand in such a way as
g shift decreases in the order of C1>py=NH3=en >N02> Et28>Et3P>phen>CN.
3) In addition to Ir(II) hot ions, Ir(IV) hot ions of 4~ low spin state are

produced in irradiation of M3[IrC16].
Further study on Ir hot ions from various Ir(III) complexes is in progress.
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