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Abstract 

 L-alanine single crystals have been subjected to gamma ray irradiation. The effects of gamma ray irradiation 

have been studied by various tools FTIR, UV-Vis-NIR analysis and electron paramagnetic resonance. 

Photoluminescence for the gamma irradiated L-alanine shows the linear dependence on dosage. The results have been 

discussed in detail for both irradiated and unirradiated crystals of L-alanine.  
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Introduction 

Dosimetric methods using solid organic 

compounds have been developed less than those using 

inorganic materials. One method using organic 

material is based on the amino acid alanine and the 

EPR technique (Wieser and Regula, 1989; Conincks  

et al., 1989; Miller et al., 1989; Silveira and Baffa, 

1995). This technique consists in the detection of 

unpaired electrons produced by ionizing radiation, 

without destroying the information in the sample. This 

versatile dosimetric technique has shown good 

precision for high dose rate (HDR) measurements and 

is currently used as a dosimetric method in industrial 

radiation applications (Minegishi et al., 1976; Regulla 

and Deffner, 1982; De Anelis et al., 1999; Angelis, 

1999). Alanine has good signal stability (<0.7% per 

year), linear response within a broad absorbed dose 

interval (1–105 Gy) and effective atomic number of 

6.79 close to 7.64 for soft tissue. For these reasons, 

alanine-EPR dosimetry has already been applied in 

teletherapy and in brachytherapeutic research (Regulla 

et al., 1989; Hansen et al., 1989; Ahlers and 

Schneider, 1991; Ragy et al., 2000). 

 The dosimetry is to provide an accurate 

estimation of maximum and minimum irradiation 

doses given during the process. There are different 

reasons for performing dosimetry depending on the 

process. For example, there are ‘regulated processes’ 

such as food irradiation and sterilisation of health care 

products, where it is a legal requirement to perform 

dosimetry. In other cases, like plastic-insulation 

modification in electrical wires, the product quality 

and the economy of the process seem to be the driving 

force. In some other cases, it helps to scale up a 

process from the research level to the industrial level 

(Hansen and Olsen, 1985; Alexandre et al., 1992; Eva 

Stabell Bergstrand et al., 2003). Selection of a suitable 

dosimetry system depends on several considerations, 

including dose range of interest, ease of measurement, 

the expertise available, environmental factors that can 

be important at the location of use, cost and 

uncertainty that is consistent with the process 

(Coninckx et al., 1996; Gall et al., 1996). 

 The temperature rise in materials treated 

with high intensity industrial ionizing radiation 

sources is an important influence factor on the 

dosimeters used to model or monitor the irradiation 

process. Alanine dosimetry system is considered a 

reliable technique for absorbed dose measurements in 

industrial radiation processes as well as in some 

medical applications. The system is implemented in 

different forms such as gel, film and tablet for 
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different applications in which different binders were 

used to prepare these alanine dosimeters, e.g. paraffin 

in tablets and acetate polyvinyl in films. Irradiation of 

crystalline alanine produces a radical that is 

sufficiently persistent at room temperature to serve as 

a useful radiation dosimeter. Hence, it is important to 

characterize the radical in irradiated alanine as fully as 

possible (Olsen et al., 1990; Ciesielski and 

Wielopolski, 1994; Mehta and Girzikowsky, 1996; 

Onori et.al., 1997; Sharpe and Sephton, 1999; Olko, 

2002). 

Theory of free-radical formation 

 When a substance is irradiated by 

penetrating radiation, free electrons are produced 

within the material. Such electrons may wander 

through the material until they are ' trapped ' at 

positions where the electronic field has an irregularity 

due to a foreign atom, an interstitial atom, a vacancy, 

or other imperfection in the structure of the solid. The 

new ' centre ' formed by the combination of the 

electron with the trapping site may absorb light in a 

spectral region which was originally relatively 

transparent. An example is the ' F-centre ' (colour 

centre) formed by the trapping of an electron at an 

interstitial site in an inorganic crystal. The new centre 

may also affect the fluorescent properties of the solid. 

If the electron is tightly bound to the impurity or 

defect, the centre is a stable one; if the binding is 

weak, the electron may readily escape from the trap 

and return to its proper place in the solid. For 

dosimetry using optical absorption, the radiation-

induced centres should be stable, so that the colour 

change do not disappear after irradiation.  

 L-alanine when subjected to ionizing 

radiation is converted predominantly to a stable 

paramagnetic species. The radiation damage centers 

were attributed to the formation of CH3 C*HCOOH 

radicals. The first stable L-alanine radical, 

*CHCH3COOH has been studied for many years and 

remains the most frequently studied paramagnetic 

amino acid centre in the solid state. In as much as the 

radiation-induced chemical species that produces the 

ESR signal is chiefly the deaminated free radical of 

alanine (Minegishi et al., 1976; Regulla and Deffner, 

1982; Regulla et al., 1989). Formation of the 

deaminated radical due to the effect of gamma 

radiation on the alanine sample is as follows: 

 CH3CH(NH2)COOH ------   *CHCH3COOH  .NH2 

Materials and methods 

Single crystal Growth  

Single crystals of L-alanine were grown 

from high purity L-alanine purchased from Merck 

(99.9%) and was used for the crystals growth 

experiments. Deionized water was used as a solvent to 

crystallize L-alanine single crystals. Small transparent 

single crystals, free of macro defects, obtained by 

spontaneous nucleation from the saturated solution of 

L-alanine were selected as seed crystals. Mother 

solution of L-alanine was saturated at 40° C and a 

seed was introduced into the saturated solution placed 

in a constant temperature bath (accuracy + 0.01° C) at 

40° C and the solution was maintained at this 

temperature for 24 hours. The solution was then 

allowed to cool at a rate of 0.1° C/day under constant 

stirring. Transparent crystals with well defined 

morphology elongated along c-axis of size 20 mm x 

15 mm x 5 mm were grown after a typical growth 

period of 30 days. The crystals were cut and polished 

to a size of 1 x 1 cm2. Further, the samples were 

lapped to minimum thickness of order of 1.5 – 2 mm.  

Dosimetry for L-alanine single crystals  

 The alanine single crystals were irradiated 

using Gamma chamber 5000 is a compact, portable, 

self-shielded type of a Co-60 Gamma Irradiator in 

Central Instrumentation Facility at Pondicherry 

Central University, Puducherry. Its design is in 

accordance to American National Standards ANSI-

N433.1 of 1977 act. Samples used were of size 1 x 1 

cm2 for which the dose rate was varied between 4 - 24 

kGray. The parameters used for gamma irradiation is 

listed in Table 1. The samples after gamma ray 

irradiation for different dosages are shown in Fig.1. It 

is clear evident from the change in colour that the 

gamma ray irradiation has taken effect and that the 
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colour centres have also been formed (John, 1963; 

Minegishi et al., 1976; Regulla and Deffner, 1982; 

Regulla et.al., 1989; Hansen et al., 1989; Ahlers and 

Schneider, 1991). 

Table 1. The essential specifications of Gamma ray 

chamber used for the experiment 

Fig. 1. Crystal photo of pure and gamma irradiated L-

alanine single crystals 

Characterization of gamma irradiated L-alanine 

             In the present investigation, the irradiated L-

alanine crystals at various fluencies were characterized 

by FTIR spectroscopy in solid state mode without 

making it as powder. The absorption changes in the 

optical region were tested for the irradiated L-alanine 

samples by employing UV-Vis-NIR spectrometer in 

the range 200 – 1200 nm. EPR studies were carried 

out for the single crystals using EPR 

spectrophotometer. Photoluminescence (PL) 

measurements were carried out for the irradiated 

samples. The results of the excitation and emission 

spectra of the irradiated samples were discussed in 

detail. 

 

 

 

 

Fig. 2. FTIR spectrum of Pristine (pure) and gamma 

irradiated L-alanine 

Results and discussion 

FTIR spectroscopy 

 FTIR spectra of L-alanine were recorded at 

room temperature in the frequency range 400 – 4000 

cm-1 and are shown in Fig.2. The obtained spectra for 

the pristine (pure) and gamma irradiated samples in 

the solid state mode. In the FTIR spectrum, it was 

found that at all fluencies measured, the vibrational 

structure of the molecule remains invariant after 

irradiation. The formation of free radical has not 

altered the intermolecular H-bonded networks of the 

single crystals. However, a weak absorption around 

2400/cm in all the irradiated samples reveals that 

atmospheric CO2 could have been trapped along the 

particle track during irradiation. This kind of 

observation is also observed for L-threonine when 

irradiated by electron. The gamma irradiation also 

produces similar kind of trapping of CO2 molecules 

that is present on the atmosphere (Ramesh Kumar      

et al., 2008). The remaining vibrations correspond to 

the intermolecular stretching vibrations of amino 

groups. It is clear evident from the graph that when the 

fluence increases more trapped carbon dioxide 

molecules get absorbed.  

UV-Vis-NIR spectroscopy 

 UV-Vis-NIR spectra of pure and gamma 

irradiated L-alanine in the wavelength range 200 – 

1200 cm-1 is shown in Fig. 3. For all doses, it has been 

found that absorption percentage decreases and no 
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new absorption peak could be observed in the visible 

region. The λmax remains invariant for all doses 

studied. No other significant features could be 

perceived from UV-Vis-NIR spectrum.  

 

 

 

 

 

 

 

 

 

 

Fig. 3. UV-Vis-NIR spectrum of pure and gamma 

irradiated L-alanine 

Fig. 4. EPR spectrum of gamma irradiated L-alanine 

for 4, 12 , 16 and 20 KGray 

EPR analysis 

 EPR spectroscopy using single crystalline L-

alanine as a radiation sensitive material has been 

known as a dosimetry method for over 40 years 

(Bradshaw et.al., 1962; Minegishi et al., 1976; Regulla 

and Deffner, 1982; Regulla et al., 1989; Hansen et al., 

1989; Ahlers and Schneider, 1991). This technique 

consists in the detection of unpaired electrons 

produced by ionizing radiation, without destroying the 

information in the sample. Irradiation of crystalline L-

alanine produces a radical that is sufficiently persistent 

at room temperature to serve as a useful radiation 

dosimeter (US-NCRPM, 1987; Randall and Coggle, 

1992; Gad Shani, 2001). The radicals produced per 

100 eV of radiation (G) was dose dependent for L-

alanine. Hence EPR measurements were made for L-

alanine single crystals radiated at different energies. 

All measured have been done nearly after 2 months of 

gamma ray exposure. The parameters that were used 

while taking EPR measurements are listed in Table 2. 

Table 2. EPR parameters used for L-alanine single 

crystals 

 

 

 

 

 

 

 

 

 

 

 

 

EPR spectrum recorded for gamma 

irradiated L-alanine for the fluence of 4, 12 16 and 24 

kGray is shown in below Fig.4. Winkler and his group 

Winkler et al. (1998) reported that the integrated 

intensity of the room temperature EPR signals in 

irradiated L-alanine is used as a precise and stable 

dosimeter. The study of the radical trapped in a single 

crystal L-alanine after irradiation, can be done using 

EPR measurements.The radical produced in this 

crystal is CH, HR (where R may be CO,H or COz-). 

This is in confirmation with the earlier reports 

(Miyagawa and Gordy, 1960; Morton and Horsfield, 

1961; Horsfield et al., 1961; Miyagawa and Itoh, 

1962).  

This study presents preliminary evidence 

that the broadened five-line EPR pattern of gamma-

irradiated alanine can be deconvoluted into a more 

complex pattern. The present EPR spectrum of 

gamma-irradiated single crystals is in full agreement 

with the earlier reported ones. When a single crystal of 

alanine is oriented so that the external magnetic field 

S. 
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of the spectrometer is along the [0 0 1] 

crystallographic axis, four hydrogen atoms of the L-

alanine radical are magnetically equivalent, so that the 

EPR pattern is a quintet having intensity ratios of 

1:4:6:4: 1.  It can be clearly seen from the above figure 

that the above reported values here are in good 

agreement with the earlier reported ones. L-alanine 

has since many years been the far most used material 

for EPR dosimetry. The properties of this material are 

excellent for the purpose; the material is robust, the 

radiation induced free radicals are stable for a longer 

time (Morton and Horsfield, 1961; Miyagawa and 

Itoh, 1962). 

 

 

Fig. 5. Gamma dosage Vs EPR intensity for L-alanine 

Dose response of the system 

EPR readout was carried out by measuring 

the peak to peak intensity of the EPR signal for 

various absorbed doses. The dose dependent of 

gamma ray in L-alanine is shown in Fig.5. The figure 

clearly shows the linear dose response in terms of 

change in the input radiation in kGray (Miyagawa and 

Itoh, 1962). It is seen that the useful dose 

measurement (alanine dosimetry) range extends up to 

the maximum dose studied. Usually in food irradiation 

applications the allowable usage range would be 

around 2 – 20 kGray.  

Photoluminescence spectrum analysis                              

PL for the pure and gamma irradiated L-alanine single 

crystal is shown in below Fig.6. Free radical induced 

color centers favors for photoluminescence property of 

the compound. As dosage increases, the concentration 

of the radicals also multiplied. Consequently, there is 

an anomalous change in intensity of the PL signal. 

This confirms radiation induced luminescence 

property of the single crystal property.  The PL 

intensity Vs different gamma dosages for irradiated L-

alanine single crystal are shown in Fig.7. 

 

 

 

 

 

Fig. 6. PL spectrum of gamma irradiated L-alanine 

single crystals 

  

 

 

Fig. 7. Gamma dose Vs PL intensity for L-alanine 

single crystals 

 From the above figure it is clear that as the 

gamma dosage increases, there is an increase in the PL 

intensity. This is in accordance the result from the 

EPR and UV-Vis studies. This supports well enough 

that as the gamma dose increases, the deamination of 

increases in L-alanine single crystals. 

Conclusions 

L-alanine single crystals were irradiated by gamma 

rays. The presence of free radicals was confirmed 

through structural and spectroscopic analyses. The 

stability of free radicals even after a longer time and 
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linear dose response of L-alanine confirm the 

feasiblility of the L-alanine single crystals to be useful 

in the field of dosimetry. Photoluminescence analysis 

confirms the linear dose response to the gamma rays. 
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