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Development of the Radiochromic Gel Dosimeters
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Abstract

The color former was developed to visually detect radiation that is harmful to the human body but imperceptible to the
human senses. Gel dosimeters using these color formers are useful for visual detection of irradiated areas of heavy ion
beams used in cancer therapy. In order to obtain clear images upon irradiation with heavy ion beams, new color formers
with substituents that interact with the gelator and inhibit the diffusion of the chromophore in the gel are required. This
paper reports on the detection of heavy particle radiation by hydrogel dosimeters based on the oxidative coupling of 4-
aminoantipyrine with aniline derivative. The hydrogel dye dosimeters containing cyclodextrin or bentonite with regard to
the diffusion protection of the conventional phenothiazine chromophores and the organogel dye dosimeters containing the
new phenothiazine chromophores and organogel dye dosimeters containing system chromophores are also reported.
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Figure 1. Dye formation of N,N-diethyl-p-phenylenediamine
with naphthol copuler 2 and 4-aminoantipyrine 3 with aniline
coupler 4 by radiation.
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Figure 2. Images of k-carrageenan gel of 1+2 after y
irradiation ([1]o = 0.72 mM, [2]o = 0.32 mM, [POD]o = 0.40
uM, [NazS0Os]o = 0.02 pM,

[x-carrageenan]o = 15 gL!).

Figure 3. Images of k-carrageenan gel of 3+4 after y
irradiation ([3]o = 0.72 mM, [4]o = 0.32 mM, [POD]o = 0.40
uM, [NaOH]o = 10 uM , [k-carrageenan]o = 15 gL").
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Figure 4. Images of k-carrageenan gel of 1+2 after 12C>* beam
irradiation ([1]o = 0.72 mM, [2]o = 0.32 mM, [POD]o = 0.40
uM, [Na2SO3]o = 0.02 uM, [k-carrageenan]o = 15 gL!).

0s 30s 60 s

Figure 5. Images of k-carrageenan gel of 3+4 after '>C>* beam
irradiation ([3]o = 0.72 mM, [4]o = 0.32 mM, [POD]o = 0.40
uM, [NaOH]o = 10 uM , [x-carrageenan]o = 15 gL'!).
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Figure 6. Proposal of new radiochromic hydrogel dosimeter
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Figure 7. Fmoc gelator 5a-c and 2-naphtol gelator 6a-c.
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Figure 9. Images of 5a gel of 7 after 1>C>" beam irradiation
([7]o=0.13 mM, [Sa]o = 5.2 mM, [Fe*]o = 0.65 mM).
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Figure 10. Images of 6b gel of 7 after 1>C>" beam irradiation
([7]o=0.13 mM, [6b]o =5.2 mM, [GDL]o = 6.2 M).
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Figure 11. Structures of color former 8, k-carrageenan and
agarose.
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Figure 12. Absorbance change of MB in k-
carrageenan gel or solution at each temperature
(IMBJo=0.042 mM).
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Figure 13. Absorbance change of MB in agarose gel or
solution at each temperature. ((MBlo= 0.042 mM).
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Figure 14. Absorbance change of color former 8 in k-
carrageenan gel after y irradiation ([8]o= 0.042 mM).

: 70 Gy
S
~40 Gy
o 25 —10 Gy
E : _OG'
g 15
1
os
0
400 50 a0 700

Wavelength /inm

Figure 15. Absorbance change of color former 8 in k-

carrageenan gel containing B-cyclodextrin after y
irradiation ([8]o=0.042 mM, [B-CDlo = 18 g/L).
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Figure 16. Absorbance change of color former 8 in
k-carrageenan gel containing bentonite after y
irradiation ([8]o= 0.042 mM, [Bentonitelo = 0.16
g/L).
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Figure 17. Images of color former 8 in k-
carrageenan gel containing B-cyclodextrin after
12C5* beam irradiation (up) and one day after (down)
([8lo=0.125 mM, [Fe**]o = 1.25 mM, [B-CD]o = 18
g/L).
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Figure 18. Images of color former 8 in x-carrageenan
gel containing bentonite after '>C>* beam irradiation (up)
and one day after (down) ([8]o = 0.125 mM, [Fe?*]o = 1.25
mM, [Bentonitelo = 0.16 g/L).
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Figure 19. Structures of color former 9 and 10
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Figure 20. Images of toluene gel of 9c¢2 after y irradiation
([9¢2]o =10 gL, [CCl4]o = 2.5 mM).
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Figure 22. Images of ethyl acetate gel of 11¢2 containg color
former 9c¢s after 2C>* beam irradiation ([9¢s]o = 0.25 mM,
[11e2]o =32 gL M.
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