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Study of the Structure of Free Radicals in Gamma – Irradiated Amino Acid Derivatives
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Electron paramagnetic resonance spectroscopy has been used for the study of the free radicals pro-
duced in the powders of L-arginine monohydrochloride, ala-ala and DL-β-leucine gamma-irradiated
at room temperature. The structures of the radicals formed in compounds were determined as
NH2(NH)NHĊHCH2CH2CH(NH2)COOH, CH3ĊHCOOH and (CH3)2ĊCH(NH2)CH2COOH respectively.
The paramagnetic species were found to be stable at room temperature more than three months. It was de-
termined that unpaired electron interacted with nearby protons and 14N nucleus in these radicals. The g values
of the radicals and the hyperfine structure constants of the free electron were also measured. These results were
compared with the earlier studies in amino acid and derivatives radicals and discussed.
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1. INTRODUCTION

Free radicals play an important role in biological process
and they have a vital importance for the health of the liv-
ing organisms [1, 2]. It is known that electron paramagnetic
resonance (EPR) spectroscopy is one of the most powerful
methods for studying the structure and determining the iden-
tity of free radicals [3]. An interpretation of the EPR spec-
trum is generally accomplished after the determination of a
set of spin Hamiltonian parameters. The magnetic properties
of many organic substances have been investigated using the
EPR technique [4 - 10]. The EPR of gamma-irradiated pow-
ders of N-acetyl-L-arginine and Nα-carbamyl-L-arginine
were studied by Zincircioglu et al. [11] at room temperature.
Furthermore, in the gamma-irradiated single crystal of N-
acetyl-L-Leucine, at room temperature, the free radicals have
been attributed to the (CH3)2ĊCH2CH(NHCOCH3)COOH
and (CH3)2CHCH2Ċ(NHCOCH3)COOH radicals [12].

Arginine, ala-ala and leucine are biologically important
compounds. Therefore the purpose of this work is to inves-
tigate the defects induced by gamma-irradiation in powders
of L-arginine monohydrochloride (LAMHCl), ala-ala, DL-
β-leucine (DLBL) and to determine their spin Hamiltonian
parameters at room temperature.

2. EXPERIMENTAL

The samples used in this study were obtained from com-
mercial sources. Powder samples of the compounds were ir-
radiated at room temperature with a 60Co gamma-ray source
(Nordion-Canada model JS 9600) of 30 kGy. After irradi-
ation, samples were kept in plastic bags at room tempera-
ture in the dark. The spectra of samples were recorded by
putting the sample in quartz sample tube. The EPR mea-
surements was carried out in a Varian model X-band E-109C
EPR spectrometer at room temperature. The modulation am-
plitude was below 5.10−2 mT and the microwave power was
2 mW. The g factors were found by comparison with a dipen-
hylpicrylhydrazyl (DPPH) sample with of g = 2.0036 [13].
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The spectrum simulations were made using McKelvey’s pro-
grams [14].

3. RESULTS AND DISCUSSION

Figure 1 presents the EPR spectrum of LAMHCl
powder, gamma-irradiated and recorded at room
temperature. This spectrum has approximately
1:2:2:2:1 intensity ratio, and can be attributed to the
NH2(NH)NHĊHCH2CH2CH(NH2)COOH radical. It can be
seen that it consists of a doublet with a spacing of 2.10 mT.
Then each line of doublet is further subdivided into three
lines of spacing with 1.12 mT, with an intensity distribution
of 1:2:1. A spectrum for a larger number of inequivalent
protons can be found by graphic construction, which is a
mathematical record of an EPR spectrum [15]. The binomial
expansion for this spectrum is given as:

1 : 2 : 1+1 : 2 : 1 = 1 : 2 : 2 : 2 : 1.

Similar EPR spectrum and intensity distribution were ob-
served for the gamma-irradiated L-arginine powders at room
temperature [16]. In this case, the same radical produced by
the abstraction of one hydrogen atom form the same carbon
atom. A simulation of the LAMHCl spectrum is shown fig-
ure 1b, using the hyperfine coupling constants aα = 2.10 mT,
aβ = 1.12 mT and aN = 0.28 mT. The linewidth of the spec-
trum is somewhat larger than the hyperfine coupling constant
of the nitrogen nuclei, and therefore the hyperfine splitting
of the nitrogen nuclei is not observed in the spectrum. The
measured g value of the radical is g = 2.0028 ± 0.0005. It is
known that the value of the g factor in aliphatic aminoalkyl
radicals vary between 2.0027 - 2.0031 [17]. The g value in
this study is in this range.

The gamma-irradiated powder of ala-ala gives the spec-
trum indicated in figure 2, at room temperature. When this
spectrum is examined throughly, it can be seen that it con-
sists of five lines the intensity ratio 1:4:6:4:1. The unpaired
electron interacts with one proton directly attached to the α-
carbon atom and three protons of the freely rotating methyl
groups, which is magnetically approximately equal. Accord-
ing to these results, the radical must be CH3ĊHCOOH. The
measured values of hyperfine coupling constants and the g
factor are aα = 2.02 mT, aβ = 2.24 mT and g = 2.0041 ±
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FIG. 1: (a) The EPR spectrum of gamma-irradiated LAMHCL pow-
der at room temperature, (b) simulation form of the spectrum using
aα = 2.10 mT, aβ = 1.12 mT,aN = 0.28 mT and linewidth 0.32 mT.

0.0005. The g value of the radical is similar to those where
the unpaired electron is placed on the carbon atoms [18]. A
spectrum simulated with the above given values agrees with
the experiment (Figure 2b).

FIG. 2: (a) The EPR spectrum of gamma-irradiated ala-ala pow-
der at room temperature, (b) simulation form of the spectrum using
aα = 2.02 mT, aβ = 2.24 mT and linewidth 0.46 mT.

The EPR parameters of the radical discussed here agree
with the values measured in the irradiated alanine and their

derivatives [11, 16, 19 - 21]. X-irradiated L-alanine single
crystal has been investigated by EPR technique, and the re-
ported values of the hyperfine coupling constants are aα =
1.51 mT, aβ = 1.88 mT at low temperature and aα = 2.14
mT, aβ = 2.38 mT at room temperature [22]. The measured
values at room temperature are in agreement with our results.
The amine group abstraction is one of the most common
mechanisms of producing free radicals in alanine compounds
[23 - 25].

The EPR spectrum of DLBL in figure 3 exhibits an inten-
sity distribution as 1:6:15:20:15:6:1. This spectrum belongs
to the (CH3)2ĊCH(NH2)CH2COOH radical due to the hy-
perfine interactions of the unpaired electron with six equiva-
lent protons of the two methyl groups, one CH proton and
14N nucleus. A simulation of the spectrum is shown fig-
ure 3b, using the hyperfine coupling constants a(CH3)2 = 2.10
mT, aCH = 0.63 mT, aN = 0.52 mT and linewidth 0.46 mT.
The g value of the radical is measured as g = 2.0028 ±
0.0005. Since the linewidth of the spectrum is fairly large,
the hyperfine splitting of the CH proton and the nitrogen nu-
clei are not observed in the spectrum. It can be state that this
radical is obtained by the removal of hydrogen atom from the
tertiary carbon atom of the DLBL.

FIG. 3: (a) The EPR spectrum of gamma-irradiated DLBL pow-
der at room temperature, (b) simulation form of the spectrum using
a(CH3)2

= 2.10mT, aCH=0.63 mT, aN = 0.52 mT and linewidth 0.46
mT.

The measured hyperfine coupling constants of the methyl
protons and the g value for this radical are in agreement with
those of the radicals which are derived from leucine and va-
line [26 - 29]. In gamma-irradiated L-valine methyl ester
hydrochloride powder, at room temperature, the free radi-
cal has been attributed to the (CH3)2ĊCH(NH3Cl)COOCH3
radical [30]. This is similar to our proposed radical and the
reported values of a(CH3)2 = 2.39 mT, aCH = 0.61 mT and
aN = 0.61 mT are in good agreement with our resuls. In the
(CH3)2ĊCH(NH2)CH2COOH radical, we can state that the
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unpaired electron is localized at the carbon atom binding the
two methyl groups.

4. CONCLUSION

In this study, we have been indicated that the structure and
the identity of the free radicals trapped in the LAHCl, ala-ala
and DLBL have been investigated using an EPR technique.
The EPR parameters of these radicals could be determined

and these values were found to be consistent with previous
results in the literature. The measurements of magnetic prop-
erties of these radicals can be helpful in the study of similar
radicals found in biological systems.
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