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Research of radiation impurity defects in the crystals of potassium sulphate
activated by ions of the transitional metals

The radiation impurity defects in the crystals of potassium sulphate activated by ions of the transitiehal met-
als was research in this work. According to spectra of optical absorption of K,S0,~Co?", K,80,—Mn>",
K,SO,~Ni*" crystals of research it is possible to draw qualitative conclusions on impurity and dot defects
of objects. It is clear that after radiation by X-ray quantum the optical density in the impuritymabsorption
bands of the crystals are decreases. This phenomenon is explained that there is a change of charging, state
at initial ions of divalent metal ions and the impurity ions either are ionized or are traps for elegtrons. It was
found that the impurity ions of the transition metals Me*" are the centers of electron captifelin potassiim sul-
phate.
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Potassium sulphate, as well as potassium dihydrophosphate is a crystal with the composite anionic
complex. Due to the practical application of these crystals in thelastidecades specific features of characteris-
tic and impurity electronic exaltations [1] are widely investigated. Thejrole of anions is played by the com-
plex formations — molecular ions of SO,%, PO, ete. In the@ow the oxianionic crystals the conduction area
is formed from excited states of cations and anions. The yalenc@zone of nonactivated crystal of K,SO, con-
sists of three subareas divided by the forbidden areas. Whilg,introduction of impurities into the crystal lattice
in the forbidden area of diamagnetic crystals therg aredpower subtotals which are caused by impurities.
Owing to formation of power subtotals in the forbidden area in the range of optical absorption, shifted in
the long-wave party from edge of fundamentalfabserptiont of the crystal [2]. According to spectra of optical
absorption of objects of research it is possible to draw qualitative conclusions on impurity and dot defects
of products of radiolysis in a crystal. Ab§orption,spectra of the transitional metals of crystals of potassium
sulphate activated by ions were for thispurpose measured.

The crystal absorption spectrum K,SO,~€0°" (Fig. 1) received at ambient temperature which is well co-
ordinated with the result given infwork [3}.
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Figure 1. Crystal absorption spectrum K,S0,-Co”’, measured at ambient temperature

From the Figure 1 it is clear that in the field of matrix transparence the impurity ions are resulted
in emergence at ambient temperature of three new absorption bands with maxima at ambient temperature
absorption bands at 271.33 nm, 250 nm and 212 nm are observed (see Fig. 1). In a clear crystal of potassium
sulphate in this area absorption bands are not present and observed optical strips contact the impurity
absorption. The optical density of absorption bands grows with body height of concentration of the impurity
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centers that confirms their nature. At increase in concentration of Co®" in potassium sulphate the new strip
at 775 nm that is associated by authors [3; 2039] with the modular impurity centers. At temperature decrease
there is a «blue» shift and there are new absorption bands. The increase in number of absorption bands
at temperature decrease is bound to decrease of width of the optical strip that leads to manifestation of
the splittings which are not observed at higher temperature.

At temperature decrease (from ambient up to the temperature of fluid nitrogen) the absorption spectrum
of unirradiated crystal of K,SO,~Co>" does not change qualitatively. While in the case of radiation of
the crystal of K,SO,—~Co”" by X-ray quantums the new activated strip with a maximum at 234 nm appears.
The absorption spectrum measured at 80 K for K,SO,~Co”" crystal before radiation (curve 1) and afteriradia-
tion (curve 2) by X-ray quantums with dose 500 kGy is given on Figure 2.
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Figure 2. K,SO,~Co”" crystal absorption specta, measured at the temperature 80 K

From the Figure 2 it is clear that after radiation byaX-ray quantums the optical density in the impurity
absorption bands of the crystal of K,SO,~Co” \decreases. It'can be explained that there is a change of charging
state at initial ions of divalent cobalt, i.e4there is¥ofmation of ions Co” or Co*". Besides, there is a new absorp-
tion band with a maximum at 5.30 eVa This radiation induced absorption band was observed in work [4]. In this
work by means of the EPR method it wag,established that emergence of this absorption band is connected to the
hole centers SO;". As potassium ‘Sulphate>crystals under the influence of radiation are not painted authors
of work [4; 2040] connected4t with the hole center of matrix, revolted with the impurity ion Co®". The similar
phenomenon was observed in tHe crystals of potassium sulphate activated by Cu®* ions.

The radiation indyced absatption band in this exemplar is observed in the field of 5.61 eV [5]. In the crys-
tals of potassium sulphate activated by Cu*" ions new peaks of TSL are not present. Therefore, it is necessary
to solve the issugfofjthemmature of new peak of recombinational luminescence in K,SO,~Co*" crystal with
a maximum in area 2400K. This peak of luminescence can be connected with disintegration of indignant of the
impurity ionswef the,hole centers of matrix, or to disintegration of the radiation induced impurity centers which
education aregproved by measurements in the impurity absorption bands after radiation of exemplars.

The absorption spectrum for K,SO,~Mn’" crystal, received at ambient temperature is given on Figure 3.
In this case at ambient temperature absorption bands at 4.0 eV and 5.04 eV are observed. The absorption
band with a maximum at 5.04 eV is dominating. The absorption band with a maximum at 4.0 eV is non-
clementary. On its long-wave wing there is «shoulder». Fall of temperature (from ambient up to the tempera-
ture of fluid nitrogen) the absorption spectrum for K,SO,~Mn”" crystal also does not change qualitatively
(Fig. 4). At low temperatures (80 K) non-simplicity of a long-wave optical strip is shown more obviously.

For definition of the nature of new TSL peaks of the crystal K,SO,-Mn** curve absorption before radiation
were measured by X-ray quantums (Fig. 4). Here the decrease of optical density in the impurity absorption
bands is observed. It testifies about decrease of a number of the centers of absorption in a crystal
This phenomenon is explained by change of charging condition of the impurity ions of the transitional metals.
The impurity ions either are ioned, or are traps for electrons. Besides, after radiation in K,SO+~Mn*" crystal
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there is a new absorption band with a maximum at 5.5 eV. According to literary data [4; 2040] absorption

with a maximum at 5.5 eV contacts defect of SO  which is located about the impurity ion of Mn®".
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Figure 3. K,SO4~Mn*" crystal absorption spectrum +, measured at ambient temperature
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Figure 4. K,SO,~Mn’" crystal a m, measured at a temperature 80 K
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Figure 5. Crystal absorption spectrum K,SO,~Ni*", measured at ambient temperature
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For consideration of absorption spectra K,SO,4:Ni*", in approximation of the average crystal field it is
necessary to know the electronic configuration of the ion Ni** — 3d® The main term of the ion is the term °F.
The nearest exited terms: *F(d%), 'D(d%), *P (d*), 'G(d®*) u °F 3d’ 4s'. In K,SO, lattice, in the assumption that
Ni*" ions replace any cations of the basis in cluster positions, the site is a symmetry of ions of Ni*" — Cy(oy, E).
All electronic terms will be transformed on representations of A’ and A’’. Thus, each of orbital terms
comprises both A’, and A’’ representation.

In the work [7] provided data on research of spectral characteristics of Ni*" in the crystal of calcium
iodide. In absorption spectra of Cal,:Nil, wide activated strips with maxima in area 260-340 nanometers,
bound to charge transfer, and the narrow activated strips observed on long-wave recession of strips of ¢harge
transfer, caused by d-d-transitions in Co*" ions and Ni*', the haloid ions which are in an octahedral.environ-
ment were found. Authors of work [7; 73] is established that Co*" ions and Ni*" do not formgin iodide calci-
um of the luminescence centers radiating in the visible range of a range at x-ray exaltation,@and are quenchers
of a X-ray luminescence of the basis of crystals.

Consideration of absorption spectra K,SO4: Ni*", in approximation of the averages€rystal field, allows
to assume that the front page of absorption corresponds to transitions from the A'(3F)ievel t9)one of levels
splitted off configuration 3d’4s' as its energy is closest to energy of transition JE@3d’)—3R(3d4s"). Much
larger crystal fields are necessary to perform of d—d transitions. The second, intensive absorption band with
a maximum at 4.13 eV probably corresponds to transition A’C’F) — A’2(’P)In avetage crystal fields for per-
formance of these transitions the necessary wavelength gets to the intervalyifromi335 to 4.59 eV. Absorption
bands in area 1.0-2.07 eV in crystals K,SO,~Ni*" was not observed by us.

In Figure 6 K,SO,Ni*" crystal absorption spectra before tadiation (curve 1) and after radiation
(curve 2) at the temperature 80 K are given. From the figure it is clearithat K,SO,~Ni*" absorption spectrum
has three peaks with maxima at 3.0 eV, 4.75 eV and @3 ¢V \While, the absorption spectrum with
the maximum of 6.3 eV which contacts radiation of the grystaljlis shown in the form of a shoulder in long-
wave area 5.7-6 eV. From this drawing it is seen that at influence of X-ray quantums the charging condition
of the impurity ions of Ni*" changes.
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Figure 6. K,SO,~Ni*" crystal absorption spectrum, measured at the temperature 80 K

In general, the influence of ions Co®", Ni*" and Mn®" on radiation and stimulated processes in crystal
K,SOgis similar. It can be proved by means of dependence curves of speeds of accumulation lightsum on
the radiation dose in TSL peak at the temperature 190 K (Fig. 7). From Figure 7 it is clear that the impurity
ions Co®", Ni*" and Mn*" increase the speed of lightsum accumulation in the TSL peak. Therefore,
the impurity ions Co®", Ni*" and Mn*" in crystals of potassium sulphate are the efficient centers of capture
for electrons.
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Figure 7. The dependence curves of speeds of accumulation lightsum|on the radiation dose
in TSL peak at the temperature 190 K

The emergence of absorption bands in the crystals of potassitun sulphaté activated by Co*", Ni*" and
Mn** in the field of the matrix transparence according to [8] can beconnected to the individual impurity
centers. Exaltation of exemplars in these strips does not leadi\to “¢mergence of photoluminescence.
Measurement of photoconduction in a short-wave absorption band for K,SO,-Cu’" crystal showed that it is
not a charge transfer strip. Similar results were received for K,SORNi*" u K,SO,-Mn*" crystals at exaltation
in short-wave absorption bands. The activated -Co™R,SONi*" and K,SO,-Mn*" the absorption spectra
(Figures 1, 3, 5) measured at ambient temperature ate qualitatively similar.

Thus, the impurity ions of the transitionalsmetalsiMe® (Co, Ni, Mn) are the centers of electron capture
in K,SO,. These impurity ions influence emergence of padding cationic vacancies in a crystal. The impurity
anions (SO and NOy) in potassium sulpliéite ae also traps for electrons.
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OtneJi MeTaJ1ap HOHAAPBIMEH OeJICeHAIPiJIreH Kaaui cyjb(aTbl
KPHCTAJAAPbIHAA KOCIA PAMALMAJIBIK AaKayJIapbIH 3epTTey

Maxkanaza ermesii MeTaql HOHAAPBIMEH OCNCEHIIpIIreH Kauui Cyib(aT KpUCTAIAApBIHAAFBl KOCHAJbI
panuanuanbK akaynap seprrengi. K,SO04-Co®', K,S04-Mn®', K,SO4-Ni** kpucTaniapeHbIE 3epTTenineTin
OIITHKAJIBIK JKYTY CIIEKTpJiepi OOMBIHIIA OOBEKTLIEpAEr] HYKTEIK aKkayJiap MeH Kocrajaap OOMbIHIIA calaiblK,
KOPBITBIHABLIAP/BI Jkacayra Oonanbl. PeHTreH KBaHTTapbIMEH COYJNIENICHIIPTEHHEH KeHiH KpHCTaIgapIIblH
KOCHAJIBIK JKYTY JKOJAKTapbIHAAFbl ONTHKAJIBIK THIFBI3ABIK TOMEHIeHai. byl KyObUIbIC eKiBaJICHTTI METasiL
MOHIAPBIHBIH OacTankbl MOHIAPBIHBIH 3apsATHIK KYHiHIH ©3repiciMeH TyCiHAIpiie i xoHe KOCa HoHIaPpbl He
MOHIAIaIbl HEMECe SNIeKTPOHIAp YIIiH KapMaFsimTap 6omansl. Ormen Me® Meramn xocra HoHapht Kasmii
Cynb(aThIHIa YIEKTPOHAAP/IBI KAPMay OPTaIbIKTaphl OOTATHIHBI AHBIKTAIIBL.

T.A.Kokeraii, A.YU.Jlymuk, A.K.Tycynbekona,
A.C.bantabexos, D.K.MycenoBa, A.A.I"'antokoBa, A.116paramMoB

HccnenoBanne npuMecHbIX paJMallMOHHBIX Ae(eKTOB BKpHETAIIAX CYIb(paTa
KaJIusl, AKTHBHPOBAHHBIX HOHAMM NePeX0AHbIX MeTAINIOB

B pabote mpoBeneHO Uccie0BaHHE PaIHAIlMOHHBIX MPHUMECHBIX Je(EKTOB B KpHCTAIax Cyib(paTa Kaius,
AKTHBHPOBAHHBIX MOHAMH IMEPEXOJHBIX METAIUIOB. [10 Mccie yéMbIM CHEKTpaM ONTHYECKOTO TOTIIOMICHUS
KpUCTAJUIOB K,S0,-Co*", K,S0,-Mn?*, K,SO,: Ni** yAaeTcs caedaTh Kad€GIBCHHBIC BBIBOJBI O PUMECAX U
TOUYCYHBIX JedeKTax B o0bekTax. OTMEUEHO, YTO Hocie 00IyYeHN T PCHTTeHOBCKUMH KBAHTAMU ONTUYECKast
IUIOTHOCTb B MIPUMECHBIX T0JIOCAX MOTJIONICHUS KPUCTAIOB YMEHbIIAETCA. DTO sBJICHUE OOBICHACTCS TEM,
YTO MPOMCXOANUT M3MEHEHHUE 3apsI0BOTO COCTOSHHA Y MCXQIHBIX MOHOB ABYXBAJICHTHBIX HOHOB MeTalIa, U
MPUMECHBIE HOHBI JINOO HOHU3YIOTCS, JINOO SBISIOTCS JIOBYINKAMH /I SJIEKTPOHOB. BBIsABICHO, YTO IpUMec-
HBIE HOHBI EPEXOIHBIX MeTaToB Me?! sBistoTest i€TITpaMi 3aXBaTa 2JIEKTPOHOB B CyJIb(haTe KasTus.
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