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A Study on Electron Irradiation Effects in Hydrated
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Recent works'"# on irradiation experiments with complexes have feported that low-
spin Fell' is reduced to Fell after the irradiation. The same effect has been obtained
by heating the sample. In this report we give Mdssbauer spectroscopic measurements
with hydrated cobalt ferricyanide irradiated by electron beams.

The complex was prepared by mixing slowly 0.01 N cobalt chloride and potassium
ferricyanide. The precipitation was filtered, washed by ethanol and dried. The complex
powder of about 250 mg was packed in an aluminum ring of 20 mm diameter covered
with aluminum foil. The samples were irradiated at liquid nitrogen temperature with 1
MeV electron beams of 90 pA for 10 minutes and 77 pA for 1 hour. The Mbsshauer
measurements were performed at liquid nitrogen temperature, a) just after the irradi-
ation, b) after annealing the irradiated samples at room temperature for 50 days, and c)
after exposing the annealed powder to fresh air for 1 hour.

Figures | and 2 show the observed spectra which are resolved into several Lorent-
zian péaks of low-spin Fe™ and Fe™ and high-spin Fe** by least-square fitting. The
Mbosshauer parameters obtained are listed in Table I. We can see the following results
from Table I. The reduction to low-spin Fe™ is the main effect of the .irradiation.
However, a part of the remaining Fe' species changes to high-spin Fe®* by the anneal-
ing. The reason would be supposed that cyanide linkages connected to low-spin iron
species become unstable by the irradiation and the cyanide complex ions are decom-
posed by the annealing. When the sample is irradiated with very high dose, Fe** ions
come from, as well as all of Fe™ a part of Fel species formed by the irradiation.
This dose dependence of the annealing effect implies that, probably due to H’ radicals
formed by radiolytic decomposition of the water ligands?, low-spin Fe™ is reduced to Fe'l
at the first stage of the irradiation and the cyanide linkages become unstable with further
irradiation. The instability of Fe™ only at the very high dose irradiation shows that the
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Fig. 1. Méssbauer spectra of cobalt ferricyanide Fig. 2. Mossbauer spectra of cobalt ferricyanide
irradiated with 90 #A of 1 MeV electrons " irradiated with .77 pA of 1 MeV electrons
for 10" minutes. a) Irradiated. b) Anneal- for 1 hour. 2) Irradiated. . b) Annealed
ed for .50 days after irradiation. c) for 50 days after irradiation. ¢) Exposed
Exposed to fresh air after irradiation : to fresh air after irradiation and annealing.

and annealing.

Table I. Méssbauer Parameters of the Irradiated Complex

Species (mrrf?sec) (mnrQl]Ssec) (IIIAzlrll(}tsl;c) Int(e”}lj)lzty;
i . 90 #A-10 min. e
. { Felll —0. 10 0.92 0.48 47.4
Fell —0.03 _ 0.70 52.6
Felll —0.09 0.95 . 0. 53 25.8
b ‘ Fed+ 0.37 L0600 0. 61 2.1
Fell 0.01 S 0. 74 50. 1
‘Felil —0.09 0. 88 0.43 25.9
c { Fet* , 0.49 . 077 ' 0.73 22.0
Fell —0.0¢ - — ~ 10,80 52.1
) , 77 A1 hour
. { FeliX —0.03 < 0:90 ©0.44 16.9
| Fell -0.03 T, = ~0.66 83.1
9 { Fet 0.50 072 . 0.60 52.9
Fell —0.08 e 0. 51 47.1.
Felll * —0.02 < 0.76 0.55 o121
c { Fedt 0.44 - 0.81 L0770 34,9
Fell —0.03, — ~0.68 52.9

(a) Irradiated. _ }
(b) An_rlealqd for 50 days after irradiation.
(c) Exposed to fresh air after irradiation and annealing.
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cyanide linkages connected to F e are more stable against the irradiation than those
conngeted to Fe', . R

By exposmGr the sample to fresh air, no conspicuous changes of the relatwe peak
intengsities can be recogmzed when the irradiation dose is not very high., Howevcr, as to
the spectra of the sample irradiated with very high dose, approx1mately one third of
Fe¥* ions vary to low-spin atoms.- The above fact means that the presence of air, prob-
ably presence of oxygen, causes to coordinating of CN groups around iron atoms in
the irradiated samplc powder in which too much Fe®* ions exist,

In order to compare the effects by irradiation with those by heatmg the complex,
we observed spectra of a sample heated at 200°C for 1-hour as shown m F1g 3. ' The
Mbosshauer parameters for the heated complex are shown in Table 11 By heatmg the
sample, low-spin Fe™ is reduced to Fe. The relative intensity of Fe®* is rather small.
By exposing the sample to fresh air for 1 hour, approximately half of the remainig Fe™
is reduced to Fell,” This reduction process did not happen in the irradiated complex
powdér when the sample was exposed to fresh air, as mentioned above.

Table it Mossbauer Parameters of the Heated Complex

pop—

Width Intensity -

- Species‘,; o ,(“,mm/'scc) - (mrgll/ssw), . (mm/sec) %)
Fellt —0.03 1.35 0.90 - 68

a { Fe?* 0.57 0. 80 0.64 9.2
Fell —0.08 — 0.86 29.9

Felll 0,05 SR 7 T P A - % 28. 4
:Fe“ o 0.56 . 0.75 0.59 11.1
FeHt, . —0.01 e 0.68. 60. 5

(a) Heated. (b) Exposed to fresh aip aftey: hea_ting
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Fig. 3. Mbosshauer spectra. of cebalt fermcyanlde heated a 200°C. .
for 1 hour. a) Heated. b) Exposed to fresh air after heating.

(166)



Electron Irradiation Effects

We‘rwoulély:like to thank Mr. T. Mizokawa for his assistance in the course of the
experiment, Professor M. Sakisaka for allowing us to use the Van de Graaff accelerator,
and Proféssor S. Shimizu for his encouragement. The help of Mr. K. Norizawa in the

Qbé’féti()n of the accelerator is greatly appreciated.
" REFERENCES

(1) E. Baggio-Saitovitch, J. M. Friedt, and J. Danon, J. Chem. Phys., 56, 1269 (1972).
(27, - E. Baggio=Saitovitch, D. Raj, and J. Danon, Chem. Phys. Leit.,, 17, 74 (1972).
+:(3) - E. Baggio-Saitovitch and J. Danon, Chem. Phys. Lett., 89, 296 (1976).
k (4). ) J Laglriere and D. J. Apers, J. Phys. (Paris), Gollog. 37, C6-58 (1976).

(167)



