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Abstract. ESR studies have been performed on single nystals of onhopncdic 'kid (Hd06) 
in the X band ai FS. New paramagnetic centres fanned after y-inadialion at ra are identified 
as 10;- radicals trapped at two inequivalent sites, as could be seen from their g-values and 
hypenine field values. The spin-density disbibutions of elecmns on the s and p orbitals of 
iodine have been calculated. 

1. Introduction 

ESR spectroscopy has been widely used to probe the nature of paramagnetic centres trapped 
in salts containing nonmetal oxy-anions [I]. Radicals formed after irradiation by y-rays 
or x-rays in alkali-metal perchlorates and perbromates have been studied extensively [ 2 4 .  
However, very few iodates and periodates have been studied so far. The radical formed 
on y-irradiation at RT in single crystals of p tass ium oxyfluoroiodate (KIOzFz) was first 
identified as IOzF 151 and was later ascribed to IO2 weakly interacting with a fluoride ion 
[6]. A species described as a neutral iodine atom (Io) was trapped in X-irradiated single 
crystals of iodic acid (HIO3) at RT [7]. The radical 10:- was reported in single crystals of 
(Y-LiIOS y irradiated at RT [8]. A paramagnetic species prepared from 10,- embedded in 
solid KBrO4 by x-irradiation at 26 K was identified as 10;- [9]. 

Orthoperiodic acid (HsI06) is an interesting system wherein the IO,, which has an 
octahedral arrangement, is slightly distorted, giving rise to a finite electric field gradient 
which is responsible for the observation of pure quadrupole resonance signals [lo, 111. An 
ESR study on powders of y-irradiated periodates at 77 K has been reported and the elecmn 
loss centre in HsIO6 was identified as the (HO)~IO--OI(OH)~ radical and the electron gain 
centre was identified as the Hd0; radical 1121. Here, we report the paramagnetic radical 
observed at RT by ESR in single crystals of H5106 y irradiated at RT. 

2. Crystal structure 

Orthoperiodic acid belongs to the monoclinic crystal class with a space group P21/n. The 
lattice constants are (2 = 5.28 A, b = 18.35 A, c = 4.95 A and j3 = 111.4" 113,141. There 
are four molecules in the unit cell. The molecule of HsI06 consists of a slightly deformed 
oxygen octahedron with iodine near the centre (figure l((2)). Five of the oxygen atoms 
are directly linked to the hydrogen atoms. For these five oxygen atoms, the distance to 
the central iodine atom is 1.89 A. For the remaining oxygen atom, the I-0(2) distance is 
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1.78 A. It has been suggested that the bonds in the molecule may be covalent 1141. The 
0-H distances average to 0.96 A. Each IO6 octahedron is l i e d  to the neighbouring IO6 
octahedra by ten hydrogen bonds (figure l(b)). In the three-dimensional network which is 
thus formed, five independent hydrogen bonds may be distinguished. 

Fwre 1. (U)  The molecule of Hs106, where the d-dislances are given in hgsIr6ms. (b)  clystal 
structure of the HsIOs projetion in the c plane. 

3. Experimental details 

Single crystals of orthoperiodic acid were grown by evaporation of saturated aqueous 
solution. Since HsI06 is highly hygroscopic, for irradiation at RT. the crystal was kept 
in a sealed tube and this was kept in the chamber of a "CO y-ray source with a dose rate of 
0.12 Mrad h-'. The optimum irradiation &se for &IO6 at RT was found to be 4 Mrad. The 
ESR spectra wen recorded on a Varian E112 X-band spectrometer operating with 100 !&I2 
modulation. The ESR spectra were recorded by rotating the single crystal about the n,  b 
and c' (mutually perpendicular to the a and b axes) axes. The DFTH g-value of 2.0036 was 
used as an intemal standard in evaluating the parameters g. 

4. Results 

No ESR spectra could be recorded at 300 K for the unirradiated crystals. Before y-irradiation, 
the crystals were transparent but, after y-irradiation, the crystals developed a slight yellow 
colouration. ESR spectra recorded at RT showed a six-line pattem spread over 1500 G. 
The spectra indicated a large (about 250 G) hyperfine interaction with a '*'I nucleus. The 
individual lines wen about 15 G wide (figure 2). As the magnetic field explored the a<* 
and k* planes, two distinguishable sites were observed. However, when the crystal was 
rotated in the a 4  plane, only a single site could be observed (figure 3). 
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Figure 2. Variation in ule resonance magnetic field with orientation for the six lines h m  the 
I2’I interaction in the specmm of 10;- for (a) the field in the a-b plane, ( b )  the field in the 
b-c’ plane and (c) the field in the a-? plane. 
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5. Evaluation of ESR parameters 

Since iodine has a reasonably large electric quadrupole moment as well as a large magnetic 
moment, we propose a Hamiltonian of the form 

'HlgoBo = (SzgzHz + s.xgzHz + S y g y H y ) l g o  + (SzAzIz t S y A y I y  + SxAxIr)  + HQ/gQflQ 
(1) 

where71p = e 2 ~ Q [ 3 1 , - 1 ( 1 + 1 ) + f ~ ( I ~ + I ~ ) ] / [ 4 1 ( 2 1 - 1 ) ]  andeq= Qzz=8'Q/8z2, 
q = (eKx - Qyy)/Q2z. The term S,g,H, + S,g,H, + S y g y H y  in equation (1) is the 
electron =man term in which the gi are the components of the g-tensor, and the term 
S,A,I, + SyAyIy + S,A,I, is the hyperfine interaction term in which the Ai are the 
components of the hyperfine tensor A. Bo is the Bohr magneton, go is the electron g-factor 
(20023), 'IQ is the quadrupolar Hamiltonian and Q is the quadmpole moment [71. 

The angular variation of the ESR spectra has been studied in three planes, namely the 
h-c' plane, the a-b plane (which is perpendicular to the c' axis) and the a<* plane. 
Measurements have been made on the positions of the line centres for every IO" in each 
of the above planes. The g-values were calculated from the mean position of the hyperfine 
lines. If I , ,  lz  and l3 are the direction cosines of the magnetic field with respect to the a, b 
and c' axes, then 

gz = Rijlilj = R, l I ;  f R& + /?& + 2R~21112 f 2R&l3 + 2R,31,13 (2) 
i.j=1.2.3 - 

where Rij are the components of the g2-tensor [RI with respect to a, 6 and c*. 

12 = sin 0, I3 = cos 0,  and therefore 
In the b-c' plane, let 0 be the angle between the magnetic field and the c' axis; 11 = 0, 

g' = RE sin' 0 + R33 cos' 0 + 2Ru sin0 cos0. 

The values of g measured along the c* axis and 6 axis give R33 and Rzz. The value of 
R u  (and also the values of R u  and R s ~ )  was found by multiple linear regression. Using the 
values of Rzz, R33 and R u  in the above equation, the variation in g' with 0 was calculated 
and the experimental g2 variation is least squares fitted. The same procedure is repeated for 
the other two planes. Similarly, the hyperfine tensor matrix is also evaluated. Since g is not 
isotropic, the linear angular variation in gZAZ is found instead of A'. The principal values 
of the g-tensor and the "'I hyperfine interaction tensor, together with their direction cosines 
relative to the crystallographic axes, were evaluated by the Jacobi pivotation method [18]. 

It can be seen from figure 3(a) that the experimental hyperfine spacings increase as the 
magnetic field goes from low to high. This could he due to the second-order field effect 
which arises when the magnitude of the hypefine field is sufficiently large relative to the 
applied field or due to the quadrupole interaction effect. This effect has an m:-dependence 
which produces a progressive increase or decrease in the hyperfine line spacings. Corrections 
for the second-order hyperfine effects were accounted for using the expression 

HQ = U,, + Am, + A2/2Hm,[I(I + I )  - mj] + A3/4Hi, (3) 
where A is the true hypelfine splitting, U,, is the experimental line position for the transition 
(M,.m,) 4 (M:,m,) (since AM, = I1 and Am, = 0). I is the nuclear spin and 

These parameters were used in the second-order perturbation formulae given by Atherton 
and Winscom [15] to obtain the line positions. These compare well with the experimental 
line positions. The spectrum for a particular orientation in the a-b plane was simulated 
using the calculated field positions and the observed intensities (figure 4). 

g = hv/@Ho. 
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Figure 3. (a) Firstderivative X-band specmm of HsI06 y irradialed at RT and m r d e d  at R T  
the magnetic field is parallel to the c' axis of the nystaL ( b )  First-derivative X-band speckurn 
of H5IO6 y irradiated at RT and recorded al RT, the magnetic field is at an angle of 45' to the 
b axis. 

6. Discussion and conclusion 

The radical that we have observed in HsI06, y irradiated and recorded at RT is found to 
have g-values greater than 2.0023 (table I). This indicates the formation of a hole centre. 
The radical does not show much variation in the hyperfine interaction values. The direction 
of one (gzz) of the principal g-tensors almost coincides with one of the 1-0 bond directions, 
namely I-O(l) (table 2). 

Since the ESR specbum shows only six Lines corresponding to the hyperfine interaction 
of the electron with one iodine nucleus, the possibility of an 5 centre can be eliminated 
[19]. The isotropic hypefie interaction values reported for both electron loss and gain 
centres in powders of HsI06 y irradiated at 77 K [I21 do not correspond to the hyperfine 
interaction value that we have observed for the radical at RT. The hyperfine interaction 
values reported for the radical ion 10;- were very large [9]. The radical 10:- reported in 
an a-LiIOs crystal gives a negative value for the anisotropic coupling [SI. The radical IO2 
observed in both KC104 [ 161 and KIOzFz [S, 61 crystals shows a significant variation in the 
hyperline interaction along the three principal directions. Thus, eliminating the probability 
of the above-mentioned iodine-containing radicals reported so far, we conclude that the 
radical in H5106 could have been formed as the result of the loss of one of the electrons as 
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Figure 4. (a)  Computer-simulated spechum for a random orientation in the a 4  plane. ( b )  
Experimental specmm in the a-b plane. 

Table 1. Spin-Hamiltonian paramems for the 10:- radicals in y-inadiared H.dO6 at RT. 

principal A-values 
Principal g-values (G) 

g, = 2.0156 
g, = 2.0130 

I 4 - ( A )  g,, = 2.0344 A,, = 213.72 
A, = 232.50 
A,, = 284.81 

IOC(8) 812 = 2.031 I Ax= = 213.72 
Pvr 2.0208 A,, =2i7.60 
-I, I, 

E,, = 2.01 IO A,, = 299.71 
Direction cosines of the principal axes 

referred to ihe following a, b and c' aystai axes 

principal axis a b C' 

IO:-(A) x 0.7507 0.1543 0.MN 
Y 0.5055 -0.7603 -0.4080 
z 0.4255 0.6310 -0.6487 

io;-@) x 0.5014 05132 0.6966 
Y 0.7785 -0.6189 -0.1044 
1 0.3716 0.5946 -0.7098 

The experimental hyperfine splitting tensor for '''1 can be written in terms of isotxopic 
and dipolar terms and the spin density in the iodine valence shell orbitals may be estimated 
from these components. The isotropic splitting arises from ground-state wavefunctions that 
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include small contributions from s orbitals. This can be estimated from 

(5 )  

where a is the measured value of the isotropic hyperfine interaction, A0 is the calculated 
value of the isotropic hypef ie  interaction for the case when the wavefunction is of pure 
s character and p; is thus the probability of finding the electron in the s orbital [I]. The 
dipolar part of the hyperline interaction arises owing to wavefunctions of non-spherical 
symmetry. We make an assumption that the unpaired electron on the iodine lies mostly in 
the 5p state and neglect the admixture of d-type wavefunctions. 

2 a = ADP, 

Table 2. Direclion cosines of the 1-0 bonds in HdOs. 

Bond Direction cosines 

1-G) 0.3332 0.6909 -0.6415 
1-0(2) -0.9014 0.4165 0.1186 
1-3) 0.3706 0.5830 0.720 
1-0(4) -0.2761 -0.7307 0.6244 
l-0(5) 0.8761 -0.471 1 -0.1027 
1-0(6) -0.3058 -0.5898 -0.7474 

Since the signs of the principal components of the tensor are not determined 
experimentally, we assume that the isotropic term will be positive, that the dipolar term 
will be approximately axial, of the form (28, -E, - E ) ,  and that the p-to-s ratio is within 
the range. The only choice of signs which is compatible with these assumptions is 
that all components are positive. Thus the hyperfine tensor could be split into a large 
positive isotropic interaction (f243.68 G) and a dipolar term with principal components 
(-29.96, -11.18. f41.13). Any anisotropic hyperfine interaction can be written as resulting 
from the sum of any two perpendicular p wavefunctions. The px and p. functions seem 
to be the best choices as the hyperfine interaction has approximately cylindrical symmetry 
around the x axis (table 1). Therefore, the experimental tensor will bo interpreted as 

213.72 
232.50 

284.81 
243.68 -17.44 

243.68 / + I  -17.44 
= /  243.68 34.88 

6.26 1 .  (6) 

For "'I, the isotropic and dipolar hyperfme interactions have been calculated by Hurd 
and Coodin [17] using the Hartree-Fock self-consistent method. Thus, for the iodine centre, 
the unpaired spin density in the iodine 5s and 5p orbitals can be estimated from A0 = 9277 G 
and 280 = 579.49 G and it has been found that 

+ I -12.52 6.26 

pss = 0.0263 psp, = 0.06 psP, = 0.022. 

This means that, between the s and p orbitals, only 10.79% of the electron wavefunction is 
accounted for. There is also a probability of finding the unpaired electron on the surrounding 
oxygen atoms. 
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