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THE OPTICAL ABSORPTION IN THE IRRADIATED
BY X-RAY AND DEFORMED FUNCTIONAL MATERIALS

The optical absorption in the irradiated by X-ray functional materials with the various values of the prelimi-
nary deformation is investigated. The irradiation effect on the dependence of the spectral transmittance coefficient
t; (1) on the wavelength at the range of 220...650 nm in LiF crystal with the residual strain of 3,3 % at an irradia-
tion dose range of 0...1057 R has been elaborated. The wavelength localization of the absorption band half-width
peak is defined on the base of the presence of the F — centers in irradiated crystals is concluded. It has been found
that under the X-ray irradiation at the dose of 400 R the transmittance capacity of samples is reduced, and at the
dose range of 800 ... 1057 R the absorption band with a maximum at the wavelength of 248 nm, which was formed
in connection with the introduction of F- centers in crystals has been clearly observed. On the basis of the examined
spectrum of t, (I ) in the range 220...650 nm for LiF crystals with the residual strain of 0,4 and 0,65 % and irradi-
ated with X-rays to a dose of 1057 R it has been concluded that radiation-induced defects by their physical nature
are F-centers. Based on the dispersion ratio of Smakula, it has been calculated the volume density calculation of F-
centers Ng in LiF crystals. For samples with LiF with e = 3,3 % the values N were 5,2130" and 5,2840% sm
for dose 800 and 1057 R respectively, and for LiF crystals with deformations of 0,4 and 0,65 % at X-rays dose of

1057 R, the value N were equal to 8,49340" and 10,8530 sm ® respectively.

Keywords: residual strain, radiation defects, color centers, transmittance coefficient , dispersion ratio of Sma-

kula.

Introduction

It is known [1] that when the crystal is exposed to
X-ray irradiation, the main part of its energy is spent on
the creation of electronic excitations. In the presence of
these excitations in the vicinity of anion vacancies, due
to the localization of electrons on them, appear electron
color centers. In the simplest case, these are F- centers
[2], then, with the accumulation of the radiation dose in
the crystal, the combination of F-centers into more
complex units are possible. For example, if there are
two adjacent F- centers, F, (M) - centers appear, three -
Fs (R) - centers and etc. To study the mentioned and
other types of radiation defects the absorption method
[1, 2] is widely used. It is based on measuring of de-
pendences from the wavelength of the spectral transmit-
tance index 1,(A) in the UV and visible range of the
spectrum. Having the color centers in the crystal at the
specified dependences, the areas where transmission is
minimal have been traced — namely, the so-called ab-
sorption bands. From the data on the absorption band (in
particular, its localization on the wavelength axis) in-
formation about the type of defect as well as their
amount has been obtained. It should also be emphasized
that the most convenient of ionic crystals for optical
studies are crystals LiF, in which color centers are
highly resistant to photoexcitation and are stored at
room temperature for a long time [1].

The aim of this paper is to obtain qualitative and
quantitative information about the effect of X-ray irra-
diation and dislocation structure to the optical properties
of the modern functional materials.

Materials and Methods of the Research

For the experiment the samples LiF with residual
deformations 0,4; 0,65 and 3.3 % have been used. Af-
ter reaching the preliminary sizes, samples were
grounded and polished to achieve the level of plane
paralell £ 1Imkm/sm that was controlled by the IKV op-
timeter. To remove the internal stresses, arising as a re-
sult of mechanical processing, the samples were an-
nealed for ~ 12 hours in a muffle furnace MP- 2UM
oven at ~ 0.8 Ty With further slow cooling to room
temperature. Crystals deformation has been performed
with the compression at on a tensile testing machine
type “Instron" with the speed index of ~ 10 > s %, The
geometric dimensions of the samples before and after
loading have been monitored by comparator I1ZA- 2.
The irradiation of crystals by X-ray has been performed
at the same apparatus (URS- 55) and at the same mode
(40 kV, 10 mA) as in previous works. The total expo-
sure time of the crystals was 160 minutes, that at the ra-
diation dose rate at the location of the researched crys-
tals 0,11 R / s corresponded to a radiation dose 1057 R.
The optical experiment has been carried out on the SF-
26 spectrophotometer in the wavelength range 220...650
nm.

Results and Discussion

Figure 1 shows the measurement results of spectral
coefficients of transmission t, at wavelengths range
220...650 nm on LiF crystals having a residual deforma-
tion of 3.3 % at the irradiation dose range of 0...1057
R. As it can be seen from Fig.1 for unirradiated crystals
the value 1, monotonously increase with the increase of
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the wavelength (curve 1). In the case of crystal irradia-
tion with the dose of 400 R the curve t,(A) remains vir-
tually unchanged, but the transmittance capacity of
samples is significantly reduced (curve 2).
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Fig.1. Dependences of the spectral transmittance
coefficient of the wavelength in LiF crystals on different
doses of irradiation: curve 1 - unirradiated crystal, 2 - ir-
radiation dose of 400 R , 3 - irradiation dose of 800 R (
points V) and 1057 R ( point X)

With the increase of the radiation dose up to 800
R  (curve 3 - experimental points marked V) a pro-
nounced absorption band has been observed, which cor-
responds to the minimum on the curve 1, (L), which lies
at a wavelength of approximately 248 nm. At other seg-
ments of the wavelength, the mode of dependence T, ())
does not change. The indicated character of curve T, (L)
behavior is preserved even in the case that a dose of X-
ray irradiation is increased to 1057 (see curve 3 - ex-
perimental points are marked x).

The reported features observed in the experiment,
allow to make some conclusions. The presence of the
absorption bands indicates the presence of color centers
in crystals. Since for ionic crystals the bands borders are
fairly well researched, it is possible to mark, that in the
measured samples there are clearly presented, having
the simplest configuration, electronic color centers - F-
centers, the minimum on the curve t, () (for which the
maximum of the attenuation) is at the wavelength A ~
248 nm [1]. It has been also noted that there is no evi-
dence for the presence of F, and F; —centers in samples
the given curves do not show, as in the vicinity of A =
443 nm for F,- centers and Ama = 307 and 377 nm for
different types of Fs- centers [1-3] there have not been
found any nonmonotonicies. The results of measuring
the dependency t,(A) for crystals LiF with deformation
0,4 and 0,65 % are presented in Fig. 2. It is evident that
for crystals with identified € in the vicinity of A ~ 248
nm the absorption bands are clearly seen. It can be
noted that at the transition from a small ¢ to a larger, the
transmittance capacity of samples decreases and the rate
of this decline is visually the same at all the considered
spectral ranges. It also shows that at the range 300...650
R the spectral transmittance monotonically increases
with the increase of the wavelength.
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Fig.2. Dependences of the spectral transmittance
coefficient on the wavelength at irradiated to a dose of
1057 R LiF crystals with values of preliminary deforma-
tion of 0,4 and 0,65 %

To determine the amount of occurred under the ac-
tion of radiation color centers, the Smakula dispersion
relation has been used [4-6], that allows to determine
the concentration of F- centers by the parameters of the
absorption band. This ratio is widely used in optical ra-
dioactive material science, and with its help a number of
the experimental results have been processed. The theo-
retical test of the Smakula relation has been undertaken
by the author [6], who investigated this problem at the
level of quantum electrodynamics based on the consid-
eration of various forms of absorption bands - Lorentz
and Gauss, and came to a result similar to [5].

Smakula dispersion ratio, allowing to indicate the
concentration of color centers in the crystal Ng has the
form [4-6]:
_A n

f(n?+2)?

where A = 1,31-10"" is a numerical coefficient,
which is valid for Lorentz form of absorption band, f -
oscillator strength (equal to 0,8 for a Lorentz band
form), n = 1,42 for LiF [7] - the refractive index of un-
excited crystal in area Amay = 248 nm, K, - maximum
value of the attenuation index, AE - half-width of the
band, determined by the width of the absorption line at
its half-height [4-6].

To determine the parameters K, and AE from the
data Fig. 1 it is necessary to use the ratio [5], valid for
the case when light is passing through a plane-parallel
layer of substance (see Fig. 3) and taking into account
the reflection losses from the two faces of the sample
((Dpl + (DpZ):

N|: m -AE (1)

1=(1-p)? e @

where t - transmittance coefficient of the crystal,

n-1.- . .
r =(——)“- the coefficient of reflection, K — at-
n+1

tenuation index, £ - the optical path of light in a sub-
stance. It should be noted that the ratio (2) ignores the
multiple rereflection in samples.

a4

L 4

© G.O. Petchenko, O.M. Petchenko, S.S. Ovchinnikov, M.Ya. Rokhmanov

31

*



CBiTNOTexHiKa Ta enekTpoeHepreTuka, 2017, No 2(49)

ISSN 2079-424X

A4

However, taking into account that for LiF crystals
the reflection does not exceed 3 %, the consideration of
additional contributions into total sample transmission
of the passed to the multipath detector rereflected sig-
nals is not required, and our evaluation has confirmed
that strict accounting of the entire series of passed sig-
nals, changes the value t to the fractions of the percent,
which does not put the specified result of the transmis-
sion beyond the error measurements on the spectropho-
tometer SF-26.
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Fig. 3. Light passing through the sample

®,

/‘ >

Taking into consideration (1—r )2 = 0,94 the at-

tenuation index for crystals can be calculated by the
formula:

K =[2,3-109(0,94/t )]/ ¢,
where 10g(0,94/t) -
the sample. Therefore, having dependency t,(\)and

®)

is the optical density of

the known value £ the dependence K; (L) can be deter-
mined.

The results of dependence calculation of the spec-
tral index of the attenuation function from the wave-
length for LiF crystals with the size of the residual strain
of 3,3% and radiation doses 800 and 1057 R are shown
in Fig . 4.
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Fig. 4. Dependences of the attenuation index on
the wavelength in crystals LiF with € = 3,3 % for the
irradiation doses of 800 and 1057 R. The dashed lines
show the method of determining the half-width bounda-
ries of the absorption band
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In this figure, the absorption band, caused by the
presence of F-centers with a distinct peak at the wave-
length A ~ 248 nm has been clearly traced. At the same
figure the dashed lines shows how the boundaries A,
and X, of the half-width have been determined. The
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band half-width is required to calculate the value of N
by the ratio (1) and was determined by the well known

formula AE =1241. (i—i) [8] and was ap-
ER

proximately 0,8 eV, which corresponds well to the lit-

erature data for LiF at 300 K [1-3].

The calculation of the color centers Ng concentra-
tion for LiF crystals with € = 3,3 % and radiation doses
of 800 and 1057 R gave values of 5,21.10" and
5,28-10"° sm 3 respectively. Similarly there were con-
structed and processed dependences K, (L) for crystals
with LiF with € = 0,4 n 0,65 %, irradiated to a dose of
1057 R.

Calculating Ng the value of 8,49-10° and
10,85-10" sm™ for LiF samples with € 0,4 1 0,65 % re-
spectively have been obtained. It can be concluded that
differences in the dislocation structure of the samples
at the same dose of their irradiation in these experimen-
tal conditions do not affect the type of the observed
color centers, whereas the quantitative results are
changed [9-10].

Conclusions

The irradiation effect on the dependence of the
spectral transmittance coefficient t,(A) on the wave-
length at the range of 220...650 nm in LiF crystal with
the residual strain of 3,3 % at an irradiation dose range
of 0...1057 R has been elaborated. It has been found that
under the X-ray irradiation at the dose of 400 R the
transmittance capacity of samples is reduced, and at the
dose range of 800 ... 1057 R the absorption band with a
maximum at the wavelength of 248 nm, which was
formed in connection with the introduction of F- centers
in crystals has been clearly observed. On the basis of the
examined spectrum of t,(A) in the range 220...650 nm
for LiF crystals with the residual strain of 0,4 and 0,65
% and irradiated with X-rays to a dose of 1057 R it has
been concluded that radiation-induced defects by their
physical nature are F-centers. Based on the dispersion
ratio of Smakula, it has been calculated the volume den-
sity calculation of F- centers Ng in LiF crystals. For
samples with LiF with ¢ = 3,3 % the values Ng were
5,21-10™ and 5,28-10™ sm * for dose 800 and 1057 R
respectively, and for LiF crystals with deformations of
0,4 and 0,65 % at X-rays dose of 1057 R, the value N
were equal to 8,49-10" and 10,85-10" sm ~ respec-
tively.
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OMNTNYHE NMOIrMMHAHHA Y ONMPOMIHEHNX X-TTIPOMEHAMU
MPOAEDPOPMOBAHUX ®YHKUIOHAJIBHNX MATEPIAJTIAX

0. MeTueHko', O.M. MeTueHko, |C.C. OBUMHHMKOB

Y, M.41. PoxmaHoB?

'XapKiBCbKMii HaLiOHaNLHWIA YHIBEPCMTET MICLKOro rocnogapcTsa iMeHi O.M. bekeToBa, YkpaiHa
“XapKiBCbKUI HaLliOHabHWIA arpapHuii yHisepecuTeT iMeni B B. [lokydaesa, YkpaiHa

B1BYEHO OMTUYHE NOFNMHAHHS BUNMPOMIHIOBAHHS HA OMPOMIHEHMX X-MPOMEHAMM (hYHKLiOHANbHUX MaTepianax
3 Pi3HUMK BeIMYMHaAMKM NonepeaHbol Aechopmallii. Bu3HayeHO HaniBLLUMPKUHY CMYTU NOrAWHaHHA Ta nokKanusauito i
MakcUMyMy, Ha MifcTasi Yoro 3pob/eHO BUCHOBOK LIOAO HAsBHOCTI F-LUeHTPIiB y ONpOMiHEHWX KpucTanax. 3a
thopmynoto Cmakynm BU3HAYEHO 06’ €MHY IyCTUHY BKasaHuX pagiauiiiHnx gedekTis.

Kntouosi crnoBa: nonepefgHs gedhopmais, pagiauiiti gecekTn, UeHTpu 3abapBneHHs, KoeqilieHT npomnyc-

KaHH$1, gucnepciiiHe cniseigHOWEHHS CMaKynu.

OMNTNYECKOE NMOIrNoweHVE B OBJTYHEHHbBIX X-TYHAMW
NMPOAEPOPMNPOBAHHbBIX ®YHKLUIMOHAJIbHBIX MATEPUANAX

.A. MeTueHko®, A.M. MeTuyeHko, [C.C. OBUNHHMKOB

. H.4. PoxmaHoB?

'XapbKOBCKIN HaLMOHabHBIA YHIBEPCUTET FOPOACKOrO X03aicTBa MMeHn A.H. BekeToBa, YKpauHa
“XapbKOBCKUI HaLMOHaTbHbIN arpapHbiil yHBepcuTeT umenn B B. [lokyuaesa, YkpanHa

M3y4eHO ONTMYECKOE MOT/IOLEHNE M3MYYeHUST Ha 06/YYeHHbIX X-ydyamu QYHKUMOHa/IbHBIX MaTepuanax ¢
Pas/IMYHBIMUL BENMYMHAMM MNPeLBapUTENbHONA AethopMaummn. OnpeaeneHa noayLMPUHA NOAOCkI NOFNOWEHUs W No-
Kanmsaumus ee MakCMMyma, Ha OCHOBaHMM Yero cfenaH BblBOA O MPUCYTCTBUM F-LIEHTPOB B 06/1yUYeHHbIX KpucTa-
nax. Mo opmyne Cmakynbl onpeaenieHa 06beMHas NIOTHOCTb YKa3aHHbIX PagnaLMoHHbIX AedeKToB.

KntoueBble ¢10Ba: npeaBapuTebHas Aedopmanys, pagualmoHHbIei e(eKTbl, LEHTPbI OKpacku, KoathduLm-
€HT NPOMYCKaHuWsl , AUCTNIEPCUOHHOE COOTHOLLEHNE CMaKy/bl.

L 4

*

© G.O. Petchenko, O.M. Petchenko, S.S. Ovchinnikov, M.Ya. Rokhmanov 33



