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INTRODUCTION: We have been investigating the ap-
plicability of crown ether resins to radioactive liquid 
wastes treatment.  In our earlier study, silica-supported 
resins consisting of dibenzo-18-crown-6 (DB18C6) (Fig. 
1) has been found to adsorb e.g. Pd(II) and Ag(I) in nitric
acid media[1].  It has also been revealed that γ-ray irra-
diation to DB18C6 resin in HNO3 caused opening of
crown ether ring (Fig. 2), resulting in the formation of
structure obtaining plural hydroxyl groups without selec-
tivity to the above-mentioned metal ions[2].  These re-
sults suggest that coexisting adsorptive metal ions on
γ-ray irradiation for crown ether resins may suppress the
ring opening, because these metal ions would be captured
by DB18C6 resin in a manner of getting stuck in the
crown ether ring.  In the present study, therefore, γ-ray
irradiation behavior to DB18C6 resin in HNO3 containing
Pd(II) and Ag(I), respectively, was investigated.

Fig. 1.  Chemical structure of DB18C6 resin 

Fig.2.  An expected ring opening of DB18C6 
by irradiation in HNO3 

EXPERIMENTS: DB18C6 resin was synthesized by 
following the earlier study[1].  0.5 mol/dm3 (=M) HNO3 
containing 10 mM Pd(II) or Ag(I), and 0.5 M HNO3 as 
the reference were used as the sample solutions followed 
by the preparation of in total four irradiation samples 
shown below : 

(i) DB18C6 resin + 10mM Pd(II) in 0.5 M HNO3
(ii) DB18C6 resin + 10mM Ag(I) in 0.5 M HNO3
(iii) DB18C6 resin + 0.5 M HNO3
(iv) silica support + 10mM Ag(I) in 0.5 M HNO3

where solid/liquid ratio for every sample was 1g/5cm3. 
γ-Ray irradiation was carried out similarly to the earlier 
study (max. 54 kGy)[3].  The irradiated samples under-
went solid-liquid separation and concentrations of metal 
ions for supernatant liquid of samples (i), (ii) and (iv) 
were measured using ICP-OES.  Adsorptivities were 
evaluated by the distribution ratio, Kd.   

RESULTS: In this study, phenomena of interest except 
irradiation procedure itself were observed for the rela-
tionship between DB18C6 resin and metal ions.  For 
Sample (ii), white turbidity was generated in the glass 
sample tube after preparation of the solution.  After-
wards, the turbid compounds were precipitated and white 
lumps were deposited on the dark brown DB18C6 resin. 
The concentration of Ag in the supernatant after deposi-
tion of white lumps was found to be 0.8 M, meaning that 
more than 90 % of Ag disappeared from the liquid phase 
before irradiation.  Such a precipitation was not ob-
served in our earlier study, and it is probably because the 
initial concentration of Ag(I) was 10 times lower (1 mM) 
than that of this study[1].  On the other hand, such a 
precipitation was not seen in Sample (iv), either.  These 
results indicate that a precipitation reaction occurred be-
tween DB18C6 resin and Ag(I).  Ag has been expected 
to be adsorbed onto DB18C6 resin in the form of Ag(I). 
However, the expectation should be re-evaluated. 

Eventually, the concentration of Ag in the supernatant 
of Sample (ii) after irradiation was decreased to 0 mM. 
The result can be expressed as ∞ by evaluating by Kd. 
Kd value of neat DB18C6 resin for Ag(I) at 0.5 M HNO3 
was ca. 9[1].  Although the direct comparison is impos-
sible because the experimental conditions were not com-
pletely identical, it is likely that the irradiated DB18C6 
resin still captures Ag in a certain chemical form.  

For Sample (i), the concentration of Pd in the superna-
tant after irradiation was found to be 2.7 mM, which is 
equivalent to Kd ≈ 13.  Kd value of neat DB18C6 resin 
for Pd(II) at 0.5 M HNO3 was ca. 75[1].  Although the 
direct comparison is impossible due to the similar reason 
for Ag(I), adsorptivity of DB18C6 resin for Pd(II) is 
found decreased after irradiation.  These results suggest 
that the opening of crown ether ring by irradiation takes 
place even under coexistence of Pd(II).  
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