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Chemical modification of LR-115 induced by the irradiation of gamma-ray and 147 

MeV Fe ions has been observed. Density of O-NO2 and C-O-C bonds in the sheets was 

decreased. We also confirmed the modification by chemical etching during early stage 

in LR-115 exposed to Fe ions. The absorption band around 1740 cm-1 was reduced 

rapidly, which can be attributable to C=O bonds of some additives contained in LR-115. 

We have derived the radial track etch rate from the reduction of the absorbance. 
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1. Introduction 
 Under an optical microscopic-scale, the two-velocity-model describes well the 

evolution of etch pit by chemical etching. We must take into account, however, the 

radial size of latent tracks under nano or submicron-scale (Fromm, 2005). To assess the 

radial track etch rate, conductmetric technique has been widely applied for various 

kinds of polymers exposed to heavy ions (Apel et al., 2006), as well as a method of 

folding track replica (Bernaola et al., 2006). It was insisted that the conductmetric 

method contained some questions to be solved (Enge, 1995). Recently, the role of the 

produced small molecules on the formation of the track halo was examined by low 

temperature irradiations (Apel et al., 2006). The influence of UV light on the latent 

tracks was also investigated (Zhu et al., 2005). The assumption of conical track shape 

was examined in the first conductmetric study for CR-39 (Oganesyan et al., 2005). On 

the other hand, some spectral studies have been made to study the chemical etching 

process of ion-irradiated polymers (Zhu et al., 2006). It was found that the track etching 

could be monitored by FT-IR method for thin film materials (Sertova et al., 2005). 

 In this work we have observed chemical modification of LR-115 induced by 

the irradiation of gamma-ray and 147 MeV Fe ions. The modification during the early 

stage of chemical etching was also examined by FT-IR method. We have derived the 

radial track etch rate from the reduction of the typical absorption band on the 

assumption that the etched track was cylindrical. 

 

2. Experiments 
 LR-115 sheets, supplied from DOSIRAD, France, consist of a mixture of 

cellulose dinitrate and cellulose trinitrate with a density of 1.4 g/cm3 (Doerschel et al., 

2003). About 10 % of the weights are some additives (Barillon et al., 2003). 

 Gamma-irradiation was made at an intense Co-60 source in the Institute for 

Scientific and Industrial Research, Osaka University, Japan. During the exposure, the 

films were sandwiched by PMMA sheets with 2 mm thick to achieve the electron 

equilibrium condition. The absorbed doses were 100, 200 and 300 kGy and the dose 

rate was 1.2 Gy/s. Fe ion exposure was performed in air at the medium energy 

irradiation system of Heavy Ion Medical Accelerator in Chiba (HIMAC), NIRS, Japan 

(Yasuda et al., 2005). The incident energy of Fe ions on the films was 147 MeV. The 

fluences were 5.7x109, 1.2x1010 and 2.3x1010 ions/cm2.  
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FT-IR measurements were performed for each film both before and after the 

irradiation, using FTIR-8400S (SHIMADZU, Japan). The bulk etch rate of LR-115 in a 

stirred 2.5 N NaOH solution at 50 ˚C was determined to be 0.28 nm/s by the fission 

fragment method. This is concordant with recent other works (Barillon et al., 1997; 

Marocco et al., 2001; Doerschel et al., 2003; Yip et al., 2006). Short-time etching 

described in the following section was also made in this condition. 

 

3. Results and discussions 
3.1. Effects of exposure to gamma-ray and Fe ion 

 The band assignments of LR-115 for major ones were given in the literatures 

(Kovalenko et al., 1992; Barillon et al., 1999). In the followings, we pay our special 

attention to the bands at 1146 cm-1 (glycosidic bonds), 1600 cm-1 (nitrate function) and 

1740 cm-1 (carbonyl bonds). 

Figure 1 shows FT-IR spectra of LR-115 films with and without the 

gamma-irradiation, indicating the significant decrease of the absorbance at the 

glycosidic bonds and nitrate function (Barillon et al., 1999&2003). The relative 

absorbance, A/A0, was attained for each fluence, where A0 is the original net absorbance 

of the considering bonds. The A/A0–value is equal to the survival fraction, N/N0, which 

is the ratio of the number density of the considering bond, N, to the original one, N0. 

The results are presented in Fig. 2, showing that A/A0 decreases linearly with the 

absorbed dose for both bonds. Therefore, we obtained the following simple 

experimental formula, 
   N / N

0
= 1 ! k

i
"D ,    (1) 

where D is the dose in Gy and ki is a constant for the bond i (in Gy-1). The constant ki 

enable us to evaluate G-values for the scissions of glycosidic and nitrate bonds par 100 

eV, utilizing the following relation: 
   G = 9.64 !10

6
N
0
k
i
,   (2) 

where N0 is in mol/kg. The calculations led G-values of 58 and 74, respectively for 

glycosidic and nitrate bonds (see Table 1). Barillon had emphasized the role of the 

additives contained in LR-115 and noted the extended chemical reaction, in 

understanding these lager G-values (Barillon, 2005). 

 Figure 3 indicates the changes in the relative absorbance by Fe ion irradiation 

as a function of the fluence. It decreases linearly with the fluence. Then we are able to 
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give the experimental formula as, 
   N / N

0
= 1 !"

i
# F ,    (3) 

where F is the fluence in ions/cm2 and σi is a constant for the bond i in cm2. The latter 

was the effective track area where the bonds in question were lost, from which we can 

derive the track core radius as given in Table 1. It also enables us to calculate the 

G-values, using the fundamental relation as, 

G = 8.43 !10
15 " i

N
0

LET
,   (4) 

where LET is in keV/µm. In this case, the mean LET of Fe ion in the films were 5200 

keV/µm. We could not find the significant LET dependence here (see Table 1). 

 

3.2. Radial track etch rate 

 Short-time etchings with 1 second and FT-IR measurements were repeated for 

Fe ion irradiated sheets. The absorption band around 1740 cm-1 was reduced rapidly, 

which can be attributable to C=O bonds in additives, while the density of other bonds 

hardly changed, as shown in Fig. 4. Changes in the relative absorbance with etching 

time are shown in Fig. 5 for three different fluences, where lines represent their simple 

fits. When the etch pits are cylindrical and not overlapped each other, we can apply the 

following formula as, 
   A / A

1
= 1! "r

e

2
#F ,    (5) 

where re is the pit radius and A1 is the net absorbance before etching. Namely, 

r
e

=
1

!F
1 "

A

A
1

# 

$ 
% & 

' 
( .    (6) 

Data points and the fitted lines in Fig. 5 were converted into the radius using eq. (6), 

then we obtained the effective etch pit radius against the etching time, as shown in Fig. 

6. Contrary to our expectation, we could not diminish the fluence-dependence by this 

conversion. This could be partly caused by the track overlapping. And data of the 

lowest fluence at short etching times are hard to treat. The slope of the growth curves is 

the radial track etch rate at the etching time or the etch pit radius. In the early stage, 

therefore, the radial track etch rate is significantly higher than that of bulk etching 

(showing by broken line in Fig. 6). By the way of trial, we obtained the radial track etch 

rate by differentiating the growth curve of the medium fluence with respect to the 

etching time, and expressed it as a function of the radial distance, as shown in Fig. 7. 
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Although we did not obtained the experimental value more than 18 nm as radial 

distance, the curve and bulk etching show that the area with enhanced track etch rate 

was within 36 nm. It might be possible to regard this as a track core radius. The 

radiation sensitive parts glycosidic and nitrate bonds, were selectively lost in the track 

core by the irradiation, and the subsequent etching will remove rapidly remained 

segments of additives in that region. 

 

4. Closing remarks 
 As a preliminary study, the radial track etch rate of Fe ion track in LR-115 

was assessed through FT-IR spectrometry. We are now making additional experiments 

using other types of heavy ions and for different film materials. 
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Figure Captions 

 

 

Fig. 1 Spectral changes observed in gamma-irradiated LR-115. 

 

Fig. 2 Relative glycosidic bonds and nitrate functions decrease versus gamma-dose. 

 

Fig. 3 Relative glycosidic bonds and nitrate functions decrease versus Fe ion 

fluences. 

 

Fig. 4 Spectral changes caused by chemical etching in LR-115 exposed to 147 MeV 

Fe ions. 

 

Fig. 5 Changes in relative C=O bonds in additives during chemical etching. 

 

Fig. 6 Evolution of effective pit radius in LR-115 by chemical etching. 

 

Fig. 7 Track etching velocity of Fe ion track in lR-115. 
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Table 1 

Summary of radio-sensitivity of glycosidic bonds and nitrate function in LR-115. 
Gamma-ray Fe ion  

Bonds G-value G-value Track Core 
radius (nm) 

Glycosidic bonds C-O-C 1145 cm-1 58 66 18 

Nitrate function O-NO2 1600 cm-1 74 76 14 
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Fig. 3 
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Fig. 4 
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Fig. 5 
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Fig. 6 

 

 



 15 

 

T. Yamauchi et al., MS826p 

 

 

 

 

 

0

1

2

3

4

5

6

7

8

1 10 100

T
ra

ck
 e

tc
h

in
g
 v

el
o
si

ty
 (

n
m

/s
)

Radial distance (nm)

Vb

Fe ion track

1.2x10
10

 ions/cm
2

enhanced 

track etch rate

 
 

 

 

 

 

Fig. 7 

 

 


