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Abstract.  We report an experimental study of the effect of laser 
irradiation of aqueous salt solutions containing the 152Eu isotope in 
the presence of nickel nanoparticles on the gamma activity of the 
isotope. Nickel nanoparticles are generated using laser ablation of 
the target in water and added to the radionuclide solution before 
irradiation. Two types of Nd : YAG lasers with a pulse duration of 
10 ns and different repetition rates are used to irradiate the solu-
tions. It is found that the 152Eu activity as a result of repeated irra-
diation of solutions by a series of pulses decreases with each irra-
diation cycle. The obtained results are compared with data on the 
effect of maser radiation with a wavelength of 8 mm on the activity 
of the same isotope. Possible mechanisms of the effect of electro-
magnetic radiation on the 152Eu gamma activity are discussed.

Keywords: gamma activity of isotopes, laser radiation, nanoparti-
cle solutions.

1. Introduction

A  number  of  papers  reported  the  observation  of  effects  of 
relatively low laser intensities (1010 – 1012 W cm–2) on the con-
centration  of  radionuclides,  determined  by  the  number  of 
counts of the gamma-quanta accompanying beta decay [1 – 9]. 
In these studies, the activity of nuclides was determined before 
and after laser irradiation of solutions, which did not exclude 
the possibility of methodological  errors  associated with  the 
geometry of measurements and the loss of solution on the cell 
walls. These deficiencies were subsequently eliminated by rec-
ording the gamma activity of nuclide solutions before, during, 
and after laser irradiation at invariable geometry. Changes in 
activity were observed  in  the presence of nanoparticles  in a 
liquid, either formed during laser ablation of a metal target in 
the solution or added to the solution.

In the presence of nanoparticles in a liquid, the process of 
dissociation of water molecules under the action of laser brea-
kdown in colloidal solutions of nanoparticles and laser abla-
tion of targets in water actively occurs [10]. As a result of dis-

sociation,  stable  products  are  formed:  molecular  hydrogen 
and oxygen, as well as hydrogen peroxide. It was found that 
the yield of products depends on the concentration and type 
of the nanoparticle material. Thus, the maximum rate of hyd-
rogen peroxide formation is observed in using nanoparticles 
of ferromagnetic materials (nickel, cobalt, etc.) [11 – 13]. Since 
in the interaction of laser radiation with solutions of radionu-
clides, as  in  the dissociation of a  liquid, breakdown plasma 
arises, one can assume that the plasma properties, for exam-
ple, the number of breakdowns per laser pulse, will be similar. 
In both cases,  it  is  the  laser breakdown of the solution that 
determines the change in the activity of radionuclides and the 
yield of liquid dissociation products. Earlier, the effect of elec-
tromagnetic radiation on the 152Eu isotope has already been 
investigated when its salt was exposed to microwave rad iation 
with a wavelength of 8 mm, while metal filings were admixed 
to the nuclide sample [14]. In the present work, we investigate 
the effect of  laser  irradiation of aqueous salt  solutions con-
taining  152Eu  with  an  addition  of  nickel  nanoparticles,  the 
concentration of which is optimal in terms of activity of this 
effect. Identification of similarities or differences bet ween the 
microwave  and  laser  effects  on  the  152Eu  radioactivity may 
help to draw some conclusions about the mechanism of this 
unusual phenomenon, i. e. the effect of electromagnetic radia-
tion on the concentration of radionuclides.

2. Experimental

Nickel  nanoparticles  were  prepared  using  laser  ablation  in 
liquid [15]. The radiation source was a fibre ytterbium laser 
with a pulse repetition rate of 20 kHz and a pulse duration of 
100  ns.  The  laser  beam was  scanned  over  the  surface  of  a 
nickel target immersed in Milli-Q water. The colloidal solu-
tion remaining in the cell after the ablation termination was 
analysed using a disk measuring centrifuge and a transmission 
electron microscope (TEM). Most of the particles are about 
10 nm in size (Fig. 1). The TEM image shows that in addition 
to  nano particles,  there  is  also  a  diffuse  halo  surrounding 
them. Pre sumably, it consists of nickel hydroxide formed as a 
result of the chemical reaction of nickel with water at an ele-
vated  temperature  during  laser  ablation  of  the  target.  The 
data obtained by centrifugation also make it possible to find 
the mass of nanoparticles  in  the  test  sample volume. A  few 
minutes before the addition of 152EuCl3 to the aqueous solu-
tion, a colloidal solution of nickel nanoparticles was placed in 
an  ultrasonic  bath  for  the  destruction  of  nanoparticle 
aggregates.  Such aggregates are  easily  formed,  since nickel 
nanoparticles are magnetic.

Two types of lasers were used to irradiate europium salt 
solutions with the addition of nickel nanoparticles:
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1. Nd : YAG laser with a wavelength of 1064 nm, a pulse 
duration of  10 ns,  a pulse  repetition  rate of  10 kHz,  and a 
pulse energy of 1.6 mJ.

2. Nd : YAG laser with a wavelength of 1064 nm, a pulse 
duration of 10 ns, a pulse repetition rate of 10 Hz, and a pulse 
energy of 700 mJ.

When  the  152Eu chloride  solutions were  exposed  in  the 
presence of nanoparticles, a laser beam with a pulse repeti-
tion rate of 10 kHz moved along a circular  trajectory at a 
rate of 1300 mm s–1 using a galvo mirror system. The laser 
beam waist was located inside the cell with the solution at a 
distance of 2 – 3 mm from the surface of  the entrance win-
dow  (above  it)  and,  when  moving  in  a  circle,  formed  a 
plasma  ring  visible  to  the  naked  eye.  Laser  radiation was 
focused from the bottom up with lenses or a lens with a focal 
length of 20 – 95 mm, depending on the  laser type used. In 
the case of a laser with a pulse repetition rate of 10 Hz, the 
beam was not scanned.

The cell was cooled with running water, and so the heat-
ing of the entire volume of the solution during the laser expo-
sure did not  exceed  several degrees. The  cell was  fixed at  a 
distance of several millimetres from the sensitive part of the 
gamma-ray detector, but without mechanical contact with the 
latter. The liquid-nitrogen cooled detector based on ultrapure 
germanium (Canberra) had a relative recording efficiency of 
30 %. The geometry of activity measurements remained con-
stant before, during, and after laser exposure. The numbers of 
counts were stored in the computer memory once per second, 
the  signal  accumulation  time was  selected  so  that  the mea-
surement error did not exceed 0.5 %.

3. Results and discussion

Microphotographs of the plasma ring arising when the laser 
beam is scanned in the solution show that the plasma tracks 
left by individual laser pulses are not continuous (Fig. 2). The 
nanoparticles added to the solution are the centres of the laser 
breakdown  and  plasma  formation.  The  number  of  break-
downs in each track fluctuates, which can be explained by the 
breakdown of the liquid on the nanoparticle aggregates. Each 
plasma formation is a microreactor in which water dissocia-
tes and decomposes into H2, O2 and H2O2 under the action of 
electrons in the breakdown plasma. The same discrete struc-

ture of  the breakdown plasma  is observed  in  irradiation by 
another laser source with a pulse energy of 700 mJ.

50 nm

Figure 1. TEM image of nickel nanoparticles formed by laser ablation 
of a nickel target in water.
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Figure 2. Negative microphotograph of laser-induced plasma obtained 
by irradiation of the 152Eu solution with nickel nanoparticles by a train 
of laser pulses. Vertical arrows indicate plasma tracks formed by indi-
vidual laser pulses in the laser beam waist. An Nd : YAG laser with a 
pulse duration of 10 ns, a repetition rate of 10 kHz, and a pulse energy 
of 1.6 mJ was used. The laser beam scanning velocity was 1.25 m s–1.
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Figure 3. Evolution of the gamma activity of the 152Eu solution on lines 
with energies of ( a ) 121 and ( b ) 344 keV with periodically renewed la-
ser irradiation with a pulse duration of 10 ns. The black squares corre-
spond to the time moments when the laser irradiation is absent, and 
the bright  circles  correspond  to  the  time moments of  irradiation. An 
Nd : YAG laser with a pulse energy of 700 mJ and a pulse repetition rate 
of  10  Hz  was  used.  The  concentration  of  nickel  nanoparticles  was 
10 mg mL–1. The circles indicate the time intervals of partial restoration 
of the samples’ activity in the absence of laser radiation.
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If  the  152Eu  aqua-ions  are  inside  the  plasma  formation 
region, the laser radiation affects them, changing the sample 
activity. The results of such an exposure are presented in Figs 
3 and 4.

The 152Eu half-life is 13.537 years. From this state, the euro-
pium isotope with a ~ 70 % probability as a result of the b–-decay 
turns  into  a  long-lived  152Gd  isotope  (344  keV, a-active)  and 
with a ~ 30 % probability as a  result of b+-decay  turns  into a 
long-lived 152Sm isotope (121 keV, a-active). It should be noted 
that both decay channels have a total energy level of the 152Eu 
nucleus. The  sample  activity was measured  on  a  line with  an 
energy of 121 keV at a decay of 152Eu into 152Sm and a line with 
an energy of 344 keV at a decay of 152Eu into 152Gd.

Figure 3 shows the gamma activity evolution of 152Eu in 
a  solution  with  the  addition  of  nickel  nanoparticles  under 
nanosecond laser irradiation. The total laser irradiation time 
was 40 hours. This corresponds to 1.44 ́  106 laser pulses at a 
repetition rate of 10 Hz. It is seen that under laser irradiation 
action of the solution the rate of gamma-quanta counts from 
the irradiated sample decreases. Before irradiation, this value is 
A0 = 11.6 s–1, and after irradiation it amounts to Af = 10.3 s–1 
for lines with an energy of 121 keV. It should be noted that 
after the end of all cycles of laser irradiation of the solution, 
the Af  activity  remains  constant and does not  return  to  the 
values observed before the laser exposure. The relative change 
in the (A0 – Af )/A0 activity on a line with an energy of 121 keV 
is 11.2 % ± 0.2 %, and on a line with an energy of 344 keV this 
change  constitutes  11.3 % ± 0.2 %,  i. e.  almost  the  same  for 
both lines.

Similar  dynamics  in  the  152Eu  activity  reduction  is  obs-
erved when nanosecond pulses are applied to the solution at a 
pulse repetition rate of 10 kHz and a pulse energy of 1.6 mJ 
(Fig. 4). The total  laser  irradiation time was 57 hours. This 
corresponds to 2.05 ́  109  laser pulses at a repetition rate of 
10 kHz. The relative change in the (A0 – Af )/A0 activity for 
the entire irradiation time was 10.1 % ± 0.2 % on a line with an 
energy of 121 keV and 8.9 % ± 0.2 % on a line with an energy 
of 344 keV.

Figures 3 and 4 show that laser irradiation of the aque-
ous solution containing 152Eu when nickel nanoparticles are 
added leads to a change in its activity. A significant difference 
in the activity change rates is clearly visible – with laser irra-
diation  it  is  significantly greater  than without  it. Of course, 
this does not mean a change in the isotope’s half-life, since the 
gamma radiation excess on the lines with energies of 121 and 
344 keV is absent, but only implies a decrease in the isotope 
content (concentration) under laser  irradiation. The charac-
teristic time of reducing the content by half, estimated from 
the activity curve slope, is 30 days.

It is of interest to note that a change in the 152Eu activity 
was also observed when the focused microwave radiation was 
applied  to  its  sample  in  the  form  of  dry  powder,  although 
there are several qualitative differences. Immediately after the 
microwave exposure, the sample activity decreased, then ret-
urned to the original value and for some time (several days) 
was  even greater  [14]. The  return of  activity  to  the original 
value occurred after a few days later. In the case of laser irra-
diation of  the solution of  this nuclide,  the activity  increases 
after the end of laser irradiation to the initial value not com-
pletely, but partially. The decrease in the (A0 – Af )/A0 activity 
after laser irradiation is an order of magnitude greater than 
under microwave exposure and does not change after the end 
of laser irradiation during subsequent observations [14].

The  daughter  products  of  152Eu  decay,  i. e.  152Gd  and 
152Sm isotopes, are also rare-earth elements, whose ion abso-
rption  spectra  in water  are well  known. The peak  intensity 
ratio of  these  ions  (absorption peaks at wavelengths of 273 
and 401 nm,  respectively) before  and after  laser  irradiation 
could have led to a conclusion about the equilibrium of the 
two 152Eu decay channels. It has not yet been possible to con-
firm the appearance of daughter products by their absorption 
spectra because of  their  low  expected  concentration  (of  the 
order of units of picograms per millilitre of solution). With an 
acceptable signal-to-noise ratio, only the absorption of the Eu 
ion itself at a wavelength of 395 nm was recorded.

On the other hand, a comparison of the relative changes in 
the (A0 – Af )/A0 activities for the two lines shows that the irra-
diation  of  152Eu  solutions  by  laser  radiation  with  a  higher 
pulse energy (700 mJ) leads to almost the same change in the 
relative activities for both their gamma-spectrum lines asso-
ciable with 152Gd and 152Sm. On the contrary, under irradia-
tion with a pulse energy of 1.6 mJ, the relative activity change 
is greater for a line with an energy of 121 keV (decay in 152Sm) 
than for a  line with an energy of 344 keV (decay  in 152Gd). 
Thus, we may conclude that with such a laser action, the equi-
librium  of  the  152Eu  decay  channels  is  shifted  towards  the 
positron b+-decay.

It seems highly probable that the observed changes in the 
152Eu activity both at  laser and microwave exposure can be 
attributed to the accumulation of isomeric states of the 152Eu 
nuclei under electromagnetic action [14, 16]. Presumably, the 
nucleus disturbance is caused by the high-power electric field 
of  the  laser  (microwave) beam,  amplified by plasmon  reso-
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Figure 4. Same as  in Fig. 3 but using an Nd : YAG laser with a pulse 
energy of 1.6 mJ and a pulse repetition rate of 10 kHz.



787Effect of laser radiation on the gamma activity of aqueous salt solutions containing 152Eu

nance on the nanoparticle aggregates. Indeed, the electric 
field amplification on the aggregates of metal nanoparticles 
significantly exceeds the amplification on individual nanopar-
ticles,  so  that  in  this  case  the  field  can  increase by 103 – 104 
times  [17, 18]. Nanoparticle aggregates are  considered  to be 
particles  located  at  a  mutual  distance  being  much  smaller 
than their radius. The greatest electric field value is attained in 
the  gap between  the particles. Under  the  conditions of  this 
work,  such  aggregates  can  occur  randomly  due  to  fluctua-
tions in the density of nanoparticles. Then, at a laser radiation 
intensity of ~ 1012 W cm–2 near the aggregates, the effective 
intensity may reach 1018 W cm–2. The electric field at this int-
ensity is comparable to the intra-atomic fields and can have a 
noticeable effect on the electronic shell around the nuclei. In 
turn, electronic shell rearrangement can affect the nucleus and 
change its state. With such an intensity, it is possible to accel-
erate electrons and ions in laser plasma to high energies exce-
eding the thresholds of a number of nuclear reactions [19].

Another  possible mechanism  of  the  observed  process  is 
the transition of the 152Eu nucleus to the isomeric level which 
is separated from the known energy level by several kiloelec-
tronvolts. This  type of splitting  is observed  in heavy nuclei, 
and the transition between levels of close energies can occur 
under  laser  plasma  action.  This  was  demonstrated  by  the 
example of a metastable 186Re nucleus exposed to laser radia-
tion  from  the  Iskra-5  installation  [20]. The presence of  fine 
splitting of the nucleus energy levels is difficult to establish in 
beam experiments, and many isomeric levels of heavy nuclei, 
including the 152Eu nucleus, remain unknown.

4. Conclusions

It has been experimentally shown that the processes of chang-
ing the ionic composition of radionuclide solutions and red-
ucing their radioactivity during laser irradiation occur simul-
taneously, accompanying each other. The results of this work 
allow  us  to  compare  the  efficiency  of  various  laser  sources 
when the concentration of radionuclides varies. In using the 
considered laser sources, a comparable change in the activity 
of the 152Eu samples by about 10 % was obtained. At a pulse 
energy of  1.6 mJ,  this  required  a  larger  (by  three orders  of 
magnitude) number of laser pulses than that at an energy of 
700 mJ for the same duration of laser pulses (~ 10 ns). On the 
other  hand,  the  152Eu  concentration  is  small;  therefore,  the 
probability of its ions getting into isolated plasma clots aris-
ing randomly is small as well. Therefore, to increase the effi-
ciency of reducing the activity of nuclides under laser expo-
sure, it is necessary to use lasers with a high pulse energy and 
high pulse repetition rate.
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