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Investigation of the processes of interaction of ionizing radiation with complex organic objects can solve a number of
fundamental and applied problems in radiation physics, chemistry and biology. In this work we investigated the dose
dependence (dose range 1...5 M Rad) optical density relative concentrations of water, alcohol and glycerine solution
following organic dyes: methylene blue — Ci16 H1sN3SCI and methyl orange — C14H14N303SNa, irradiated with an
electron beam with an energy of 16 MeV. In the analysis of absorption spectra, it was found that water solutions of
dyes have less resistance to radiation as compared with the alcohol and glycerol. Also, all solutions of methyl orange
less radiation resistant than the methylene blue solution. Analysis of the spectra showed that these relationships are
close to linear in the range of doses. To understand the physical and chemical processes occurring in the interaction of
relativistic electrons with the studied organic objects were performed the computer simulations of the energy spectra
of ions formed due to breaking the chemical bonds of molecules of dye solutions using the program SRIM —2010. The
analysis showed that radiation - stimulated chemical processes play a major role in the destruction of the source of
organic dye molecules. The remaining processes (interaction of electrons and nuclei, the cascade processes) accounts

for about 10% of all molecular breaks.

PACS: 87.80.+s, 87.90.+y

1. INTRODUCTION

Studying the mechanisms of interaction of ionizing
radiation with organic and inorganic objects is nec-
essary for a wide range of applied and basic tasks in
the field of radiation physics, chemistry and biology.
These tasks include: radiation-chemical protection,
study and improving the sustainability of organic
materials and biological systems to ionizing radia-
tion, the development of new radioprotectors, creat-
ing new dosimeters directional change properties and
radiation-chemical synthesis of materials, and the use
of ionizing radiation for medical purposes [1, 2]. In
this work we investigated the radiation resistance of
water, alcohol and glycerine solution following or-
ganic dyes: methylene blue (MB) — C14H18N35C!
and methyl orange (MO) — C14H14N303S5Na. Using
these dyes is due to several reasons: they’re available
(important when creating a new economy dosime-
ters); colour change under the influence of ionizing
radiation (it is important for ease of handling the ob-
tained experimental data); The colour intensity of
the test solution even for small amounts of solute
(1...3mg/em?). Use of a liquid organic matrix in the
study of biological objects in the one hand, allows the
analysis of intact solute molecules at a much higher

beam current density compared with the solid ma-
trix, on the other hand, the dissolving fluid is often a
good radioprotectors simultaneously enables to study
its protective properties. The essential difference lies
in the dye composition in the presence of MO, an al-
kali metal Na, which is a chemically active element
and in case of separation from the main molecule may
be involved in a number of chemical reactions.

2. THE EXPERIMENTAL TECHNIQUE

All experiments on the radiation resistance of the
studied dye solutions when irradiated by an electron
beam were carried out on the linear electron accel-
erator LINAC — 300 KIPT. Experimental setup is
shown in Fig.1.

As shown in Fig.1 electron beam through the
exit foil accelerator discharged into the atmosphere,
then to form passed through a lead collimator and
stints on the studied target. Were used as targets
water alcohol and glycerine saturated solutions of or-
ganic dyes methyl orange and methylene blue, filled
in glass medical vials and tightly sealed with rub-
ber stoppers (during the exposure to the test sub-
stance is not exposed to the ambient atmosphere).
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Fig.1. Scheme of the experiment on the target
electron beam irradiation. 1 — the output flange
with foil of accelerator; 2 — collimator; 3 — film
dosimeter; 4 — target
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Fig.2. Structural formulas of investigated dyes and
their colour

As seen from Fig.2 the main differences these dyes
is their colours (different absorption spectra of solu-
tions of the study) and the presence in the chemical
composition of methyl orange reactive metal Na.
Electron beam energy was 16 MeV, current density
~ 0.5puA/sm?.  Trradiation dose was 1..5 M Rad.
Control of the absorbed dose was performed using
film dosimeters. In order to avoid thermal effects,
resulting in a colour change of the investigated solu-
tions, the sample temperature did not exceed 30°C.
Continuous monitoring of the temperature regime
during the irradiation was carried out using ther-
mocouple sensors, the adjoint directly to tubes with
test solutions. Before and after irradiation, for a
few hours (to no significant temporal changes in the
irradiated solutions) on an automated spectropho-
tometer SF — 56 produced a study of the absorption
spectra of the dye solutions in the wavelength range
200...1000 nm.

3. EXPERIMENTAL RESULTS

In this paper we have investigated the absorption
spectra of solutions of unirradiated and irradiated
for three dyes absorbed dose: 1 M Rad, 3 M Rad and
5 M Rad. Fig.3-5 show the absorption spectra of ir-
radiated solutions of dyes and related irradiated with
a dose of 5 M Rad.

From the figures, it is seen that water solutions
of dyes have less resistance to radiation as compared
with the alcohol and glycerol. Also, all the solutions

of methyl orange less radiation-resistant as com-
pared with solutions of methylene blue. Fig.6 shows
the ratio of the optical densities of the dye solutions
before and after irradiation of the absorbed dose
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Fig.3. Typical absorption spectra of dyes in water
solutions before and after electron irradiation (dose
of 5MRad). Curve 1 — MO - before irradiation;
curve 2 — MB - before irradiation; curve 3 — MO —
after irradiation; curve 4 — MB after irradiation
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Fig.4. Typical absorption spectra of dyes in alcohol
solutions before and after electron irradiation (dose
of 5MRad). Curve 1 — MO - before irradiation;
curve 2 — MB — before irradiation; curve 8 — MO —
after irradiation; curve 4 — MB after irradiation

Fig.6 shows that for all solutions observed a nearly
linear dependence of the optical density of the ab-
sorbed dose. Moreover, the angle of the presented
dependences different for different dye solutions,
which again speaks to their various radiation re-
sistance. This experimental fact suggests that in the
future it is possible the use of organic dyes such as
the basis for the different sensitivity of dosimeters.
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Fig.5. Typical absorption spectra of dyes in glyc-
erine solutions before and after electron irradiation
(dose of 5 M Rad). Curve 1 — MO — before irradia-
tion; curve 2 — MB — before irradiation; curve 8 —
MO - after irradiation; curve 4 — MB after irradia-
tion
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Fig.6. Ratio of the optical densities of all dye solu-
tions before and after irradiation of the absorbed dose

4. MODELLING

To understand the physical and chemical processes
occurring in the interaction of high-energy electrons
with organic objects were investigated numerically
study the energy spectra of atoms and ions formed
during the collapse of the dye molecules. With the
passage of a relativistic electron beam through the
target as a result of electron scattering on target nu-
clei it is transmitted energy, resulting in the collapse
of the molecules, and the formation of free atoms and
ions. Further, these atoms or ions possessing an ap-
preciable kinetic energy, compared with the binding
energy of the ions and atoms in the molecule, with
the other face of the dye molecules, breaking them,
and forming a so-called cascade. Number of electrons
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scattered by nuclei is determined by the formula:

(1)

a~
N = neny,

(Ze2)? [ 2E2
IME" \ ME' ’

where n., — number of the incident electrons; n, —
number of nuclei in the target per em?, Ey — energy
of the electrons, Z — nuclear charge, M is the mass of
the nucleus, 'E — electron energy transferred to the
nucleus. From this formula, using the programme
Maple to determine the relation N ('E). On the ba-
sis of the received energy spectra of ions and atoms
ejected from the dye molecules with electrons of the
primary beam by using programme S RIM —2010 was
evaluated the total amount of organic dye molecules
discontinuities. The calculations made it possible to
determine the total number of molecular breaks (in-
cluding cascade processes), which accounted for one
incident electron.

5. CONCLUSIONS

In this work, we investigated the mechanisms of in-
teraction of relativistic electrons with an aqueous al-
cohol and glycerine solution following organic dyes:
methylene blue — C16H18N3SCIl and methyl orange
— C14H14N30O3S Na under irradiation with electrons.
In the analysis of absorption spectra, it was found
that aqueous solutions of dyes have less resistance
to radiation as compared with the alcohol and glyc-
erol. In addition, all solutions of methyl orange less
radiation resistant than the methylene blue solution.
For all solutions observed a nearly linear dependence
of the optical density of the absorbed dose. More-
over, the angle of the presented dependences differ-
ent for different dye solutions, which again speaks to
their various radiation resistance. This experimen-
tal fact suggests that in the future may use such or-
ganic dyes as the basis for the different sensitivity of
dosimeters. The studies were made to estimate the
contribution of various processes in the destruction
of organic molecules (radiation-induced chemical re-
actions to 90%, the direct interaction of the electrons
with nuclei of up to 8%, and the impact of cascading
processes and gamma — quantum to 2%) depending
on the type of solvent.
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NCCJIEJOBAHUE IIPOIIECCOB B3ANMOJIENCTBUS PEJISITUBUCTCKIX
DJIEKTPOHOB C PACTBOPAMU OPTAHNYECKNUX KPACUTEJIEN

A. IO. Byxu, C.II. I'oxos, FO.I. Kasapunos, C. A. Kaaenux, B. U. Kacuaos, C. C. Kouemos,
II. JI. Maxnenxo, U. B. Meavrhuurkutl, A. B. Teepdoxsanos, B. B. ITauvxo, O. A. Illonen

Uccnenoranue mPOIECCOB B3AUMOIEHCTRIS MOHU3UPYIOIIETO U3JIYUEHUS CO CJIOKHBIMU OPTAHUIECKUMHU 00h-
E€KTaMHU TIO3BOJISIET PEIIATh NEJIbIH Psifi TPUKIATHBIX U (YHIAMEHTATHHBIX 33729 B 00JIaCTH PaIUAIIMOHHON
dbusukn, xuMun u Guosoruu. B naHuHoll paboTe HCCIEI0BAIUCH J030BbIE 3ABUCUMOCTH (B AUAIIA30HE J03
1...5 MPay) onrudeckoil 1I0THOCTH OTHOCUTEIbHBIX KOHIEHTPAIMI BOJHOrO, CIIMPTOBOIO U LJIUIIEPUHOBOIO
PacTBOPOB CIEAYIOIINX OPraHUYECKHX Kpacureei: meruseHoBoro cunero — Ci1gH1gN3SCI, u meTniosoro
opatzkeBoro — C14H14N3O3SNa, upu obiydeHun WX 3JEKTPOHHBLIM IIy4KOM ¢ sHeprueit 16 M»B. Ilpu ana-
JIU3€e CMEKTPOB TOTJIOIIEHNsT GBLITO YCTAHOBIEHO, UYTO BOJTHBIE PACTBOPHI BCEX KpacuTesel 001a1aor MeHbIIed
PAJMAIIMOHHON CTOMKOCTHIO IO CPABHEHUIO CO CIIUPTOBLIMU U TJIHIEPUHOBLIMY. TakKe BCe pACTBOPBI METUJIO-
BOT'O OPAHYKEBOTO MEHEE PAUAIIMOHHO - CTOMKYE 110 CPABHEHHUIO C PACTBOPAMH METHJIEHOBOTO CUHErO. AHAIn3
CIEKTPOB MOKA3aJI, 9TO ITH 3aBUCUMOCTH DJIN3KHU K JHUHEHHBIM B JaHHOM auanazoHe 703. C [esbio MoHu-
MaHus (PUBMKO-XUMUAYECKHUX IIPOIECCOB, TPOUCXOMAININX [IPU B3AUMOAECHCTBAN PEJIATHBUCTCKUAX JIEKTPOHOB
C UCCJIEIYEMBIMU OPTaHUYECKUMU O0heKTaMu, ObIJIO TPOBEIEHO KOMIIBIOTEPHOE MOEIUPOBAHIE IHEPTeTHYe-
CKUX CIIEKTPOB MOHOB, 0OPA30BABIINXCS TPH PA3PHIBE XUMHUYECKHX CBsI3el MOJIEKYJ pacTBOPOB KpacuTesed
npu oMoty nporpammbl SRIM — 2010. Axanus nokazaj, 9To paJAualioOHHO - CTUMYJINPOBAHHBIE XUMUIE-
CKHE TMPOIECChl UTPAIOT OCHOBHYIO POJIb B PAa3PYIIEHHN WCXOTHBIX OPraHUIECKUX MOJIEKYJT Kpacureneil. Ha
JIOJIF0 OCTaJIbHBIX LPOLECCOB (B3aUMOJEHCTBIE JIEKTPOHOB € $APAMU, KACKAIAHBIE [IPOIECCHI) IPUXOAUTCS
nopsaka 10% Bcex paspbIBOB MOJIEKYIL.

JOCJIIIXKEHHS ITPOIIECIB B3AEMO/II PEJISITIBICTCHKHUX EJIEKTPOHIB 3
PO3YMHAMMU OPTAHIYHNX BAPBHUKIB

0. 0. Byxu, C.II. I'oxos, IO. I. Kaszapinos, C. 0. Kaaenux, B. H. Kacinos, C. C. Kowemos,
II. JI. Maxnenkxo, U. B. Meavhuuvkut, A. B. Teepdoxsanos, B. B. I[auvxo, O. O. Illonen

JocmireHHs TPOIECiB B3aeMO/IIl 10HI3yI0YOr0o BUTPOMIHIOBAHHS 13 CKJIAQIHUMA OPTaHITHIME 00 €KTaMU 103~
BOJISIE BUPIMIYBATH MiAKH P, TPUKIAIHUX 1 PYyHIAMEHTAILHIX 3aBIAHb y Taay3i pasiariiinol gpizuku, ximii
ra Glosoril. ¥ ganifi pobori mociimpkysasuca 103081 3aiexuocti (B aianaszoni no3 1..5 MPax) onruunol
ILIBHOCTI BITHOCHUX KOHIIEHTPAIliil BOJHOIO, CIIMPTOBOI'O Ta IVIIIEPUHOBOIO PO3YMHIB HACTYIIHUX OPraHid-
Hux OapBHUKIB: MeTueHoBOro cuuboro — C1gH1gN3SCI, i merunosoro opamkesoro — C14H14N3O3SNa,
MpY OIPOMIHEHH] X eJeKTPOHHUM ydroM 3 eHepriero 16 MeB. Ilpu amasnizi cnexkTpis normuanus 6ysro
BCTAHOBJIEHO, IO BOIHI PO3YMHU BCiX OAPBHUKIB BOJOMIIOTH MEHIIOK PATIAIifiHOI0 CTIMKICTIO TOPIBHSAHO 3i
CIHPTOBUMH # TrittepuHOBi. TakoXK BCi pO3YNHE METHIOBOIO OPAHZKEBOIO MEHII PATIAIifiHoO - CTiHKi B mOpiB-
HsHHI 3 PO3YMHAMHU METHJIEHOBOI'O CHHBOIO. AHaJII3 CIIEKTPIB IOKA3aB, LIO 11 3a1e2KHOCTI 6JIM3bKI J0 JiHIAHUX
B TaHOMY iama3oHi 103. 3 METOH 3pO3yMiHHS (hi3UKO-XIMIYHUX MPOIECIB, IO BiIOYBAIOTHLCS MPU B3aEMOIIT
PEJISITUBICTCHKUAX €JIEKTPOHIB 3 TOC/IKYBAHUMH OPTaHiYHUME 00’€KTaMu, OYJI0 MPOBEIEHO KOMII KOTEpPHE
MO/JIE/TIOBAHHST €HEPreTUIHUX CIEKTPIB 10HIB, M0 YTBOPUJIUCS MPU PO3PUBI XiMIYHUX 3B’S3KiB MOJIEKYJ PO3-
yuHiB 6apBHUKIB 3a gonomorow mporpavu SRIM — 2010. Ananis nokasas, 110 pagialifiHO - CTUMYJIBOBaHL
XiMivHi mporrecH BiAirpaioTh OCHOBHY POJIb ¥ PYHHYBAHHI OPraHidHEX MOJIEKY T bapBHEKiB. Ha gacTky immmx
mporieci (B3aeMOJIisl €IEKTPOHIB 3 siipamMu, KacKa IHi nporec) npunanae 6iusbko 10% Beix po3pusis Mose-
Ky
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