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Polarized luminescence ... D207/D303

tion is due to 1SO-S}P1 transitions, The high degree of polariza-

tion of KC1l:Bi luminescence was due to poin%t defects next to Bi3+
ions which impede reorientation of P electron-density "dumb-bells"
along C4 axes. After X-ray radiation of KC1l:Bi, the number of

Bi3+ centers was found to be strongly reduced. Simultaneously new .

n
activator centers, Bi‘+, appeared in the phosphor. The excitation
spectrum of the new centers was peaked in the region of 4.25 eV
and the emission band had a maximum at 2.9 eV. Luminescence of
. 2+
Bi

with the absence of polarization of luminescence due to 281/2
2P1/2 transitions in free B12+ ions. Detailed results will be pub-
/

centers was practically unpolarized; this is in agreement

lished later. There are 4 Soviet-bloc references.
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AC61/A101
AUTHORS ; Lushchik, N. Ye., Lushchik, Ch. B.
TITLE: EFlectron-vibrating processes in the luminescence centers of ionic

crystals with the participation of some excited states

PERIODICAL: Referativnyy zhurnal, Fizika, no. 8, 1962, 43, abstract 8vV299
("Tr. In-ta fiz. i astron. AN EstSSR", 1961, no. 1%, 30 - 55;
summary in English) Vég

TEXT: The dependence of spectra and quantum yield of luminescence in
KCl-In, KBr-In, KBr-Ga, KBr-Sn, KBr-Tl, KBr-Pb, and KI-T1 phosphors on the fre-
quency of exciting light has been investigated at 100 and 295°K. Emission spec--
tra of impurity centers in crystals and of free mercury-like ions are compared
in detail. The mechanism of nonradiative 1P1-9 3P transitions and the effeét of
"agitation" of electronic states in luminescence centers are discussed. There
are 28 references.

[Abstracter's note; Complete translation]
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AUTHORS : Lushchik, Ch. B., Liyd‘ya, G. G., Soovik, T, A;; Yaek, I. V.

e

TITLE: The mechanism of the luminescence of alkali halide crystals under
excitation by ultraviolet and hard radiations

PERIODICAL: Referativnyy zhurnal, Fizika, no. 8, 1962, L2, abstract 8vaol
("Tr. In-ta fiz. i astron. AN EstSSR", 1961, no. 15, 103 - 126;
summary in English) C

TELT: The physical processes taking place in ionic crystals under the
action of UV and hard radiations are examined, Attention is chiefly- devoted to
the interaction of aifferent elementary excitations of the basic substance with
luminescence centers. An attempt is made to appraise the relative role of ex-
citon and electron-hole processes in gamma and R luminescence. There are 76
references,

[Abstracter's note: Complete translation]
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s/613/61/000/017/003/011
D051/D113

24,3560 (11370125, 1163)
*  AUTHORS: Lushchik Ch.B., Gindina, R.I., Zazubovich,

Inshchik, N.Ye.

Polarization characteristica of s
phosphors

S.G., and

TITLE: ome alkali halide crystal

'SOURCE: Akademiya nauk Estonskoy SSR. Institut fiziki i astronomii.
Do Trudy, no. 17, 1961, Igsledovaniya po lyuminestsentsii, 38-49

 'TEXT: The polarization characteris
, _crystals+acti¥ated by mercury-like
~i(cut, Ag", Au’) ions were investigated.

tici of ihe 1umine$$enc$+$f alkali halide
(Ga™, In, m*, Pb', Bi" ) and noble
The study was conducted so as to

lexplain how far activa
fects and whether these

tor ions interact wi

th different types of crystal de-

defects spread to lumi

nescence centers whose "core"

'is composed of mercury-like and noble ions.
‘ployed was developed by P.P.Feofilov who us

The polarization method em-
ed it to reveal the anisotropy

.of colored centers and luminescence centers established by rare earth ions

!
i
|
!
!

-

§Cardwl[2,~-,m“m,

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001030920009-7"



B

"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001030920009-7

3.‘,‘-

S S R R S PSS L SERRER A e e

1 [ S

S m—— e oy

s/61;/61/ooo/017/003/011
D113

.Polarization characteristics ... ’ Dos51

iin certain metal fluorides. It was shown that the emission of the main
‘luminescence centers at 293° K is not polarized in most phosphors. The
‘luminescence centers in KC1-Bi and HaCl-Ag phosphors reveal a strong
.polarization of luminescence. Azimuthal dependences of the degree of
‘polarization show that the oscillators are oriented along the C, axes. It
.is doubtful whether such an orientation testifies to an anion dgfect near
‘the activator. The polarization diagram of KC1-Bi corresponds to that of
-absorption and emission by electric linear oscillators. The polarization
specira of KC1-Bi, NaCl-Ag, KC1-Tl, and NaCl-T1 were investigated and dis-
‘cussed. There are 6 figures. The most important English-language reference
is: C.Click, W.Compton, Phys.Chem. Solids, 7,.170, 1958;

SUBMITTED: April 21, 1961
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| LUSHCHIK, CheBej LIYD'YA, G.Goj LUSHCHIK, N,Ye.; SHVARTS, K.K.; YAEK, I.V.

Fhysiocal processes in alkali halide crystal phosphors activated by
mercury-like ions. “iz.tver.tela 3 no.4:1176-118, Ap !'6l.
(MIRA 14:4)

1, Institut f£iziki i astronomii AN Bstonskoy 8SR, Tartu.
(Phpsphors)
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LUSHCHIK, Ch.B.; SHVARTS, K.K.

AR . ' »
Second conference on the physics of alkali halide crystals. Opt.l

spektr. 11 10.4:560-562 0 ‘6l (MITA 14:10)
(Alkali metal halide crystals--Congresses)
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5/048/61/025/001/003/031
5, €150 (also /37,1355 ) B029/B06T
AUTHORS: w Liyd'ya, and Yaek, I. B.
TITLE: Mechanism of the processes of energy accumulation by crystal
phosphors

PERIODICAL: Izvestiya Akademii nauk SSSR. Seriya fizicheskaya, v. 25,
no. 1, 1961, 23-27

TEXT: The present paper deals with the following mechanisms of energy
accumulation by crystal phosphors: production mechanism of F-centers in
¢rystals, and mechanisms of thermal and optical "de-excitation" of ion
crystals. Three stages are distinguished in energy acocumulation by
érystals: 1) production of a long-lived excited statej 2) long-lasting
conservation of the excited state; 3) processes of"de-excitation” of the
crystal. D. I. Blokhintsev (Ref. 1) showed that the electrons and holes
occurring after excitation are localized at lattice defects whicih are far C%L
from one ancther. For this reason, their direct recombination is
impossible, and the electrons or holes must be set free from the trapping
centers for "de-excitation" of the crystal. Intense ion diffusion prevents
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Mechanism of the processes of energy s.... s/048/61/025/001/003/031
B029/B067

the crystal from remaining in the excited state for a long time, Even in
the production of the simplest F-centers it is necessary to take account of
both the active role of electron - hole processes and exciton, sensitizing,
ion processes, etc. The number, Np, of P-centers can be concluded either

from the absorption X;F~ B from the intensity of luminescence photo-

stimulated in the F-region, or from the electron emission photo-stimulated

from the F-centers. The accuracy of the two last-mentioned methods exceeds

the first by several orders of magnitude. Fig. 1 shows the absorption N
spectra (1) and the spectra of the production of F-centers (2) for the

phosphors KC1 - Ca, Tl; KBr - Gaj KBr - In; and KBr - Tl. According to

the data obtained, the 1P1 states of monovalent impurity ions can be

nde-localized" with a certain probability, which results in the formation
of F~- and V-centers in the basic material of the crystal. Fig. 2 shows
the spectrum of the production of F-centers in KI - Tl as measured by the
Juminescence method. F-centers are formed not only in the ac region but
also in the ex (~220 mp) and ep regions (v190 mu) with even stronger
efficiency. The production mechanisms of F-centers in the ex- and
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Mechanism of the processes of energy ..... $/048/61/025/001/003/031
; B029/B067

ep-regions differ from each other. The dislocation mechanism of the
production of F-centers needs additional investigations. The authors then
discuss the mechanisms of thermal and optical de-excitation of ion crystals.
The third stage of the phenomenon studied here has been investigated in
previous papers. The thermal destruction of P-centers in alkali-halide
crystals does not lead to their direct thermal ionization. For the NaCl,
KCl, and KBr orystals, the thermal destruction of F-centers in the range
100-300°K is connected with hole processesj in the range 400-500°K,
however, it is related to electron processes. The ultraviolet radiation at
the same frequencies (in the ex and ep regions) is capable of producing
and destroying F-centers. Finally, the authors demonstrate that alkali-
halide salts are typical crystal phosphors., During an investigation of the
luminescence of alkali-halide salts with excitation in the region of self-
absorption of the crystal it has been found that many phenomena observed
in these crystals are the same as in 2ZnS phosphors. This investigation
was carried out at Tartu. PFurther details on this subject will be
published later. This is the reproduction of a lecture read at the

Ninth Conference on Luminescence (Crystal Phosphors), Kiyev, June 20-25,
1960. There are 2 figures and 38 references: 32 Soviet-bloc and 5
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non-Soviet-bloc.

ASSOCIATION: Institut fiziki i astronomii Akademii nauk ESSR (Institute
: of Physics and Astronomy, Academy of Sciences of the
Estonskaya SSR)

Legend to Fig. 1: spectra of absorption (1), of F-center production (2),
of negative, excited sbsorption (3;, and of the production of activator
centers (4). '
Legend to Fig. 2: 1) absorption spectrum, 2) spectrum of the excitation
of steady luminescence, 3) of recombination phosphorescence, 4) of optical
flash-up, 5) and 6) emission spectra in the case of steady luminescence
and optical flash-up, 7) spectra of the stimulation of optical flash-up
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@Acccssxon NRe aesooasos . S/0058/63/000/007/5080/D080

,‘jsduncm RZh. Fizika. Abs. msso o
| 53

b?;'I?AU"fHO‘R: Lushch:.k; Ch.
{TITLE' : Photophysical proceeses and m:.grat:.on of energy in alkali- »
= hal:.de crystal phosphor\s Lo . L } , ‘

":'_CITED SOURCE. - Sb. Fiz. shcnelochno—galo:.dn. kr:.stallov. Riga, 1962,
51;2&5-261 Di.skus..;261-262 ' :

§ TOPIC ‘I‘AGS- | phosphor " alka11~ha11de crystal ,' energy mgrat;.on, L
photophysical process LR :

' TRANSLATION.A A comparat:.ve :.nvestz.qatxon was - made of d:.fferent i

: ‘mechanisms of ‘energy migration (EM) in alkali~halide crystals acti-~ |
- vated by mercury-like: xons. The following are considered.and dis-

' cussed. ) EM between :.mpt;rity centers; 2) exciton processes and EM;

: Card 1/2
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, 3) EM fro-a the main substance to the l.mpurz.ty centers, due to dis-
placements of electrons and holes; 4) EM from z.mpurx.ty centers to
ithe main substance of ionic crystals ("delocalization of the excita~
tlons"), 5) EM from the main substance to the color centers in pre-
- v1ously exc:.ted 1on1c crystals. Blbllography, 100 tz.tles. T. Eksina.

DATE ACQ. 15Aug63 se 0 suB CODE: - PH .. ENCL: 00
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_ E039/E120
~ AUTHORS: Zazubovich, S.G.,yLushchik, N;Xe.. and Lushchik, Ch.é.'
* - TITLE: Polarised luminescence of the mercureriﬁzﬂzzgz;égw—_~/
. of cubic crystals. I.
SOURCE : Akademiya nauk Estonskoy’ SSR. Institut fiziki i

astronomii. Trudy..no.18, 1962. 1Issledovaniya po

lyuminestsentsii. 3-22

TEXT: . The polarisation characteristics of the sn** and Pb*”

~centres in alkali halide phosphors are investigated in detail and
“"..the relative literature is revicwed, Single crystals are grown

' from solutions using "gspectroscopically pure' NaCl and wgpecially

. pure®" KCl, KBr and KI. The concentrations of impurity centres,

" egtimated from the absolute value of the absorption coefficients,
‘are in the range 0,001 to 0.0l mole%. Phosphors activated by Sn
and Pb form unstable solid solutions, hence before measuring they’
are quenched by rapidly cooling from a temperature of 650-700 °c
to 20 °C. Polarisation spectra of the crystals are measured at
293% and 100 °K. The exciting light is incident, normal to the
(100) plane along the x axis, the electric vector being orientated

- Card 1/2
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Polarised luminescence of the ... E039/E120

along the C4 axis (z axis) of the crystal._'Polarised luminescence

is observed along the y axis perpendicular to the exciting light,
Measurements are made on these phosphors using different filters

and the absorption and emission spectra are also obtained. The
"azimuthal dependence of the degree of polarisation shows that the J/
oscillations of the Sn** and Pb** centres are orientated along the

C4 axis, The polarisation spectra have complex structures and are
shown to be correlated with the activator absorption spectra.

The polarisation diagram of KBr-Sn, measured for the long-wave-

length absorption band corresponds to that of absorption and

emission by electric linear oscillators (TT¢ - JC.). An analysis

of the polarisation characteristics permits of a more accurate
‘interpretation of the electronic structure of the spectra of
mercury-like centres,

There are 8 figures and 1 table,
SUBMITTED: December 29, 1961
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ACCESSION NR: AT4016307 8/0000/62/000/000/0*45/0262

AUTHOR: Lushchik, Ch, B,

TITLE: Photophysical processes and energy migration in alkali halide
crystallophosophors ;
SOURCE: Vses. soveshch, po fiz. shchelochnogaloidn. kristallov, 2d, Riga,

1961, Trudy*. Fiz. shchelochnogaloidn. kristallov (Physics of alkali halide
crystals). Riga, 1962, 245-262

TOPIC TAGS: alkali halide crystal, photophysical process, impurity center,
energy migration,’ crystallography, phosphor, crystal physical property, exc ton

ABSTRACT: The article reviews the results of studies of encrgy migration inm
alkali halide crystallophors which have been conducted in recent yesrs in
Tartu and Riga. Impurity centers were useyd as sensitive probes to -»btain
deeper insight into the different types of migration. Minute analysis of
peculiar spectral characteristics, rather than the geometrical metirod, was
chosen as the method of investigation because of small energy migration dis-
tances. The author differentiates the following types of migration: 1) direct
migration between impurity centers, 2) migration from the base to impurity
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centers in which exciton rearrangement is involved, 3) migration from the base
to impurity centers caused by electron and hole motions, 4) migration from
impurity centers to the base, and Sh migration from the base to color centers
in pre-excited cxystals. Since the s udies of this subject are still in the
initial stage, most data thus far obtained are tentative and allow only few
conclusions, which may be summarized as follows: 1) energy resonance migra-
tion between impurity centers in ionic crystals is a rather common occurrence;
2) the Frenkel exciton concept, widely employed in spectral studies, is a pro=
ductive and substanciated hypothesis; 3) ionic crystals optically resemble
semiconductors with respect to zone~-zone transitions; and 4) further studies
are handicapped by the lack of theory for mutual transformation of various
electron elementary excitations in ionic crystals. The literature on the
subject is extensively discussed, Orig. art. has: 6 figures.

ASSOCIATION: Institut fiziki { astronomii AN Estonskoy SSR ( Institute of
Physics and Astronomy, Academy of Sciences of the Estonian §SR)

SUBMITTED: 00 DATE ACQ: O06Mar64 - ENCL: 00 .

SUB CODE: Gp - NO REF S0V: 065 035
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B104/B102
AUTHORS: Lushehik, Ch. B., Lushchik, N. Te., and ¥aek, I. V.
TITLE: ' Electron oscillation processes in luminescent centers of

jonic crystals

PERIODICAL: Akademiyas nauk SSSR. Izvestiya. Seriya fizicheskaya,
v. 26, no. 4, 1962, 488-496

PEXT: On the basis of papers published from 1913 up to the present time,
a review has been compiled on the rules governing the electron oscillation
processes in jonic crystals. Special attention is devoted to effects

involving excited states of impurity centers. Results obtained for /’/
alksli-halide crystals activated with cat, Ge?t, In', sn?t, svt, m”,

Pp2t, and BiJ*, and also for NaCl, KCl, KBr, and KI crystals activated
with indium, gallium, antimony, germanium, and bismuth are discussed.
This review article further deals with the steplike dependence of the
quantum yield of photo-effects in iomic crystals on the frequency of the

Card 1/2
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Electron oscillation processes ... B104/B102

exciting light. There are 5 figures and 1 table.
ASSOCIATION: Institut fiziki i astronomii Akademii nauk ESSR

(Institute of Physics and Astronomy of the Academy of
- Sciences Estonskaya SSR)
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ACCESSION NR: ARLO43997 ' , 5,/0058,/64,/000/006,/D074 /D074
SOURCE: Ref. zh. Fizika, Abs. 6D557

AUTHOR: Lushchik, .,Ch_.'._B,'; Liyd'ya, G. G.; Soovik, Ts A
. PITLE: The mechanism of luminescence of alkali-halide drystals on excitation
. by UV and hard radiation . :

CITED SOURCE: Sb. Stsintillyatory® i stsintillyats. materialy®. Khar'kov, i
Khar'kovsk. un-t, 1963, 110-113 o

{

2 |

I TOPIC TAGS: luminescence, luminescence mechanism, alkali halide, alkali halide

i " crystal, ultraviolet radiatiom, x ray radiation, gamma radiation, hard radiation

1 .

; TRANSLATION: Using KI-T1 as an example, discusses the mechanism of luminescence of
alkali~halide drystals during excitation by UV-,"" and x-ray radiation. From a
comparison of the kinetics of the build-up of luminescence,the effect on it of

' preliminary irradiation in the F-band, and thermal quenching of luminescence dur-

' ing various forms of excitation, the conclusion is drawn that in the luminescence

of KI-T1 during excitation by hard radiation an essential role is played by the

R s
B

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001030920009-7"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001030920009-7

5 ML S T T W A U e o e ol OF e O T S G T O e e AN e SR BT N S

ACCESSION NR: AR4O43997

exciton mechanism of energy transfer from the lattice of the basic subz:ance to
. the luminescence centera. Bivliography: 25 references.

© 8UB CODE: 1IC, OP " ENCL: 00
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ZAZUBOVICH, S.G.; LUSHCHIK, N.Ye.; EIISHCHIK, Ch.B.

Optical structure of luminescence centers in ionic crystals

activated by mercurylike ions. Opt. i spektr. 15 no.3:381-
388 S '63. (MIRA 16:10)
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ACCESSION NR: AT4020793 $/2613/63/000/023/0022,/0037
| AUTHOR: Tushohik, Ch, B.; Lushchik, N. Ye.; Muuga, I, A.

TITLE: Band spectra of orystals actvated with x;nercury-like ions; Part I; ’ .
; : I
| i SOURCE: AN EstSSR. Institut fiziki 1 astronomfl, Trudy*, no, 23, 1963, Issledovaniya
N » po lyuminestsentsii (Research in luminescence), 22-37

. - TOPIC TAGS: luminescence, luminescence spectru, band spectrum, phosphor, phosphor
S~ . luminescence, erystalline phosphor, mercury-like luminescence activator, crystal
o . vibration - ’
}
. ABSTRACT: The method of luminescent probes may be successfully used for the study of
+ physical phenomena in solid bodies. Rare-earth ions, which give off a lineatr emission of
: complex structure, are most frequently employed as the probes. The author also notes
: that the so-called mercury-like ions (Ga*, Ge2+, In*, Sn2+, sb3*, T1*, Pb2+, Bi3H may |
i be used in investigating the physical processes in alkali halide erystals. A detailed study |—
- ' of the spectral characteristics of alkali halide ¢crystals, activated with mercury-like {ons,
* t has demonstrated that in these phosphors the absorption and emission spectra at 100K (for
- ; KC1-T1 even at 4. 2K) are continuous bands without an oscillating structure. - The sharp -
é { ! difference in spectra for mercury-like centers in crystals of the types AIIBVI and AIBVTI,
O !
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{ which are structurely similar, deserves careful attention. The purpose of the present

. work was to determine the conditions necessary for the observation of a vibrational struc-
ture in the spectra of mercury-like centers. The authors have attempted to utilize
luminescent ions for an experimental investigation of the vibrational processes in the
crystals. The shapes of the emission and excitation spectra of KC1-Bi, Cag(PO4)2-Bi,

Ca0-Bi and CaS-Bi phosphors were investigated at 295 and 100K. The phosphors with large
: Stokes losses (KC1-Bi) have continuous emission and excitation spectra. In the case of
phosphors having relatively small Stokes losses (Ca0-Bi), at 100K a series of clearly
marked equidistant bands were observed against the background of the continuous emission
and excitation spectra, The authors discuss the characteristic features of the continuous
and band spectra, and their electronic (1sg ‘(:.’31;1 and 3py — lso transitions in Bi3+

centers) and vibrational structure. The hypothesis is advanced that the band spectra arise

as the result of the interaction of the electrons with the localized modes of vibration which,

in turn, interact with the crystal vibrations, The authors found, in conclusion, that mer- -

cury-like centers with small Stokes logses may serve as convenient luminescent probes

for the investigation of vibrational processes in solid bodies. "We are grateful to N,

. Kristofel?!, V. Khizhnyakov and G, Zavt for their discussion on the theoretical work in ..

i electron-phonon interaction in orystals and to K. K. Rebane for oritical remarks." Orig.
art. has: 1 table and 3 figures. - .
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Elsctronic wvibrational processes and the polarized -luminescence
of mercurylike centers in cubic crystals, Izv. AN 33SR Ser.
£iz, 27 no,5:656-660 My '63, (MIRA 16:6)

1. Institut fiziki i astronomii AN Estonskoy SSR,
(Phosphora—Spectra) (Quantum theory)
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"General Discussions of Phosphors®™

Reoort presented at the International Conference on Luminescence, Torun,
Poland, 25-29 Sept 63,
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AUTHORS: Lushchik, Ch. B.; Liyd'ya, G. G.; Elango, M. A.

e i Pt

TITLE: Electron-hole mechanism of production of color centers in
ionic crystals

" SOURCE: Fizika tverdogo tela, v. 6, no. 8, 1964, 2256-2262

TOPIC TAGS: color center, ionic crystal,'electron bombardment,
x ray irradiation, color center, ultraviolet irradiation, alkali
halide, crystal lattice defect

ABSTRACT: The present communication is a direct continuation of a
cycle of investigations carried out by their laboratory to clarify
the mechanism whereby ionic crystals become colored by ultraviolet
radiation, x-rays, and radiation from reactors. Natural crystals
of NaCl and crystals of NaCl.Tl and KCl.Ag grown from melts of
especially pure salts by the Kiropoulos method were irradiated in
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the vertical channel of the IRT-2000 reactor, and also with x-rays
(60keV), slow electrons (150 eV), and ultraviolet radiation (5--14
eV). The authors were especially interested in elementary processes
which occur during a complicated phenomenon such as radiation color-
ing of ionic crystals, and paid consequently special attention to

a parallel investigation of the production of F centers by these
type of radiations. It is shown that irradiation of the crystals
jeads not only to a filling of the anion vacancies by electrons,

put also to generation of a large number of new point defects and
their clustering. Only the electron-hole mechanism of F-center
production is considered in detail, the others having beer treated
by the authors in numerous other papers. It is pointed out, how-
ever, that this is not the only possible mechanism. "We arc deeply
grateful to K. K. Shvarts for collaboration and to G. Va.e. E.
I1'mas, T. Eksina, and I. Yaek for participating in the experiments
and a discussion of the results." Orig. art. has: 6 figures.
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” m}moq_ _L.gg hik, Ch.B., Liyd'ya, G:G., E‘Jn_ngol M.A._

-%QJRCE- AN LatsSR. Institut fizfid. Radlatsionnaya fizika, no, 1, 1964. Tomny*ye
ki‘xstauy* (on..c crystals). 15-26

s Teﬁtc TAGS; alkall haltde crystal crysinl lattice, lattice defect, radiation defeqt, color )
. centék, thauﬁzm actzvabor, ultraviolet irradlaﬁon Cph

ABSTRAC-‘I‘ The objec(: o£ this wotk wasto study the oreat{on of uolor centers in NaCl -
smcie crysta‘la ‘by x-~rays and by frradiation {n the vertical channel of ths IRT Teagtor of tha |-
Instriut flziki AN Lat.SSR (Physics Inatitute of the Academy of Sciences of the Latvlidh SSR).-
The study is@ direct continuation of a series of investigations conducted at the Ingtitut
fiz4ki § Astrofiomif AN Egt.88R (Institute of Physics and Astronomy of the Academy of !
Sciences of the Estonian 85R) and aimed at eluci{dating the mechanisms geverning the colora-;
tron of tonic erystals by ultraviolet light. Spectra of the creation of color centers in thin
films of KI~T1 by monochromatic ultraviolet radiatfon were recorded. Electron, exciton,
nog 20nization mechaniams of the creation of color centers and radiation-induced defects iz
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ionxc cryatala are’ :dbcussed‘on ﬁmbasis of th&dkt& obtatned and Htetahlro-dat& "In con~ v
clugion, the authors express their appredaﬁombm.._ﬁhmtaior his collaboration in the

work and for reviewing the results, as weltaa.to V. P, Deglig, E.R. Jl'mag, and R, A, M
for their particip&tion in the experiments.'* Orig. art. has: 6 figures.

AS‘ZOCIATIQN Insﬁmt fizlki { aafronomif AN: Egt. SSR (Ing i g
AN Est.SSR); Institut fiztid AN Lat.8SR (Physfos Institute, AN Lat.BSR)
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| AUTHORS: ggéﬁébf'”

“lerystals

- 'Issledovaniya po”

with ultraviolet

SOURCE: . ‘AN ESLSSR. Inatltuf riziki 1 astronomfl.” Trudy, no. 26, 106k - -

~|ABSTRACT: In view of the fact that no detailed studies were made of
the coloring of fonic crystale by fonizing radiation or ionizing
particles,,,(,1;1;_,;59;1_1;@3_ of many hypotheses advanced, the authors investi-
aﬁed&the;p:bdu“tidn;quE;déﬁtéfsjiﬁfﬂacl;and NaC1-T1 single crystals

_J?éinglé"ctygtéte iﬁﬁésﬁigated{ﬁeré{nétﬁral“NaQI:having very few.-polnt

5 /61/000//026,/0093 /o111
6%
n q 6t/

|
[
lPETIE: on thameoha.nismﬂ of radiation-induced coloration of lonic ‘i

1yumir‘ies_ts'entsii "(Research on luminescence), 93-111

gtal ,_«gp_;gr_center; F center, radiation coloring

rystal, color center, F ce
traviclet irradiation, Gamma irradiation, coloration,

radiation {6 -- 12 eV) and with x-rays (60 kv}. The
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U defects but-a:high dislocation denslty, and artificial NaCl and NaCl-T%
containing relatively few dislocatlons but more point defects. The {
abscrption spectra were measured with a vacuum monochromator. To
determine the detalled micromechanism of color-center production, the
authors analyze separately the effects of the electronic, exciton,
electron-hole, and ionization mechanisms of radiation-induced colora-
= -gion. It'i&~suggested~that,at~room.aemperature the greatest contribu-§
1on - to-radiabion coloring-of tonle-crystals 1s made by the. interacthn

i
i
i

“between elementary excitations and assoclates of point defects and
dislocations. A scheme showing the sequence of the physical processes)
oceurring in the production of F éenters by x-rays and gamma rays ?
during individual coloring stages is proposed. !The authors thank .
G. Tivalya and I Yaek for participation in a discussion of the results,
and o B. Il'mas and R. Kink for help with the work.! Orig. art. hast’
5 figures and 1 table. -

ASSOCTATION: Institut fiziki 1 astronomii AN EstSSR {(Institute of
Physics and Astronomy, AN EstSSR)
‘ . . .
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AUTHORS: Il'mas, E. R. Liyd'ya, G, &,} Lushchik, Ch, B, /23

. - ) G‘)‘/
;‘TITLE: Photon multipli 3 ?as an elementary act of the scintilla-
- jtion process

" 'SOURCE: AN EstSSR. Institut fiziki i astronomii. Trudy, no. 26,

- 196k. TIasledovdniya po lyuminestsentsii (Research on luminescence),
L 213-215 . ,

"TOPIC TAGS: ' photon multiplication, scintillation counting, alkall
halide crystal, photon yleld, quantum yield

e

“ABSTRACT: - For the purpose of an experimental investigation of the
glementary scintillation act, wherein ore quantum of ultraviolet

diatlon is transformed into two quanta of visible light (f = 2),
e authors succeeded to obtaln photoluminescence with 7 » 1 and a :
ries of single crystals of KC1, KBr, and KI activated with thallium |
né indium, = The excltatlion source was a powerful discharge in hydro~ |

3N BT
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”gen, noon, or helium in a. flow-through quartz lamp, making 1t possilble!
“to’experimént inAﬁhe spectral ‘range from 5 to 21 eV. The luminescence!
“exeltation spectra ‘were measured at 293K at 90° to the direction of
excitation by mesns of a sensitive photoelectric photometer, relative
to sodium salycilate standard. The quantum yleld began to increase
wlth increasing frequency, starting with 11, 13.5, and 16.7 eV for
KI-In, KBr-In, and KC1-Tl respectively, and exceeding unity for
KI-In &znd KBr-In. The photon multiplication began at a photon energy
approximately double the width of the forbidden band, apparently as a
result of generation of two electron-hole palrs by a single quantum.
A detalled: report‘will be published in the Journal 'Optika i o
spektroskoplya.! Orig. art. has: 1 figure

ASSOCIATION: Institub fiziki 1 getronomil AN EstSSR (Institute of
Physics and As.f.tronom:,r AN EstSSR)

SUBMITTED: 22Ma364 ' ENCL: 00 ~ - SUB CODE:
}m REF 80V: - oou ) OTHER: 002"
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' TITLE' Experimen*&l separation of neutral and chargeu elementary excitations in
1donic cryatals QA D

{ SOURCE: - AN EstSSR. institut fiziki i a;etronomii‘ Trudy, no. 26, 196%. Issledo~
“{vaniye po Mnestsenﬁsii (Research on luminescerce) s 219-222

- TOPIC TAGS: elementary excitation, 1onic crystal, exciton, electron hole excitation

"I ABSTRACT: The authors’ describe briefly the results of experiments in which neutral
e?cite.ticns were eepare.te(l from charged ones by studying the effect of an electric
field on the-luminescence of ionic crystals. The experiments were carried out on

| sipgle~crystal KI-TL with & thallium concentration 0.03 mol.%. The average field
in the crystal waa 100 k?/ em. The crystal was frradiated with monochromatic ultra-

violet radiation, Applicatior of & negative potential to the illuminated surface
of the crystal resuited in an instantancous attemation of {he intensity of the

+thallive lwmdnescence (emiceion band with maxfmum at 3.0 eV}. The experimente have! -
| shown that hoth the decreege in intensity and ite relative vaiue are strongly de-
pendent on the frequency of the exciting ulfraviolet rediation, the quantum inten- |

gity of which wae mainfained constant. Application of the electric field is chown
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tc ivflueme only *bhe time-delayed mminescence of: the 'I.'l centers, connected. with
the electrom-hole processes, go that this procedure makes it possible to separate
the charged excitations from the neutrsl oues. It ig planned to carry out such a
-} separation for many elkali~halide crystals in & broed spectral region from 5 o 2L | .
§ev. Deteils of this fileld effect can be found in & cowpanion paper by ome of the
‘authore {Denks, Trudy IFA AN ESSR, no. 26 213 1961&, Socession ATSGBS“&) Orig. .
art. hesy I: figt.xrt~~~;;~ T I s

'ASSOCIR’TIO‘P Institut - fiziki astroncmii AR EsﬁSSR (Ineﬁitute ny.Phyﬂica and_.' I N
1 Astronomy, AR EstSSR): | ‘ L
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Vale, G: K :
TITIE: Elcctronic processes in ionic-crystel whiskers

SOURCE: AN _EstSSR: Insﬂtti{: fizikd e.gtrol?o‘ﬁdi. Trudy, no. 30, 196%. Issledo-
vaniyu'po‘.’iymiqgsj;sentsn { Research on luminescence), 3-15

TOPIC 'nAﬁ-S:ianic ‘erystal, filementary crystal, electronic process, energy migra-
‘tion, color center, electron vibrational procees, radiation coloration

ABSTRACT: - The article reports the results of comperative investigations of the
:| optical characteristics of ordinary and whisker-type alkali-halide crystals (KaCl, |
KC1. KC1-T1, and KIn-T1} and on determining the nature of tbe luminescence centers,
“energy migration:from the main substance to the luminescence centers, the occur-
vence of scintillations induced by alpha perticles, and the kinetics of production
sf color centers by nieans of z-rays. The tests were made on pure NeCl, KCl, KBr,
-and KI whiskers and on activated KCl-Ag, FaCl-Tl, NeCi-Ag, NeCl-Sn, and KI-T1 whis-
kers, which were found o have a minimm of imperfections or dislocations (with the
1 exception of KCl-Ag). Measurement of the emission and excitation spectra have
showvn that the main luminescence centers in KI-T1 end KC1-T1 phosphors are not due
to mssociations of the impurity atoms with dislocations. The highly perfect struc-

cord2f2

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001030920009-7"



"APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001030920009-7

ture oi' the whiakers resulta in & decrease in the energy loegs when the energy mi-
grates to the Luminescence centers. The main lugdnescence centers az well as tho
F centers . and the electro-vibrationnl processas in the centers are practically the
- same in crystals and in whiskers. Another similarity €to ordinary imperfect cryy-
fe.ls is that the. x-ray coloration of tle whiskers oceurs in twe stages. This means >
4 the dislocation mechaniem plays a smaller role in the colorstion of fonic - Rt
: »crystals than expected: Orig. art. has: 6 figures.

ASSOCTATION: Institut fiz{ki 1 astronomii AN.EstSSR (Institute of Physics and -

Astronomy, AN Est3SR) .
SUW‘ED 0736361&
: ﬁ REF 807: 014
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- |AUTHORS: Lushchik, K. Ye.; Lushchik Ch.

TITLE: Localized electronic ex
like ions '

AN EstSSR. Institut fiz

SOURCE:
(Research on

po lyumineataentsii

11;ninescence property,
luminescence yield,
lead

luminescence), 3-19

TOPIC TAGS:
.. |nescence spectrum,
. indium, tm, tellm\m,
ABSTRACT: In order to determine the nature of

. |in activated alkali halid orystals,
" |crystals activated by GagViin, , T
iinvestigated. The atudy 1
spectral region 2.6 ev by N. Ye.Lushchik,
estaentsil’ (Kristallofosfory), Tartd 1959,

(Materialy

KR, KCLTL

SR

Ge G-; Heriloo, I. A, vy L f
citations of ionic crystals, activated by mercury--2 N
'Q{L// §< R
ki 1 aBtroﬁomii. Trudy, no. 28' 19640

luminescence research,
luminescent crystsl,

: the excitation and energyaﬁggata | T
the excitation spectra of 13 alkali ide 07 .
Ti, end Pb in. the spectral region 5-10 ov were ' |

atr.

2 -. |ments were performad_ I s AR
: , e i KEn, KCl-In, ..‘KBr-ln.,‘&Mn,} E
‘KBreTl, KITh) S

et
Issledovaniysl |

lumineacence, Tumi- >
phosphor, gallium,

ously reported work in the
VII Soveshchaniya po

27). Four series of experi-
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e S
;lll ™" KClIn, " KCISn, - KCI-TI, | KCI-Pb, |~ /2
-\ KBr-Ga . KBr-In, KBr-Sn; - KBr-Tl =

.. |{In series I and II, the activator was fixed {In or T1), and the anion was varied. .
.-{In series III and IV, the activator was varied, but the anion remained fixed (xc1 or|
- .|KBr). The experimental procedure followed was that of E. R. Il'mas, G. G. Liyd'ya,
and Ch. B. Lushchik, (Opt. i apektr., 1964). Excitation speotra for the systems
investigated are presented graphically, and the position of D absorption bands are
tabulated, It was found that the excitation bands at the long wavelength tails of
exciton absorption bands were almost independent of the activator, but depended
substantially on the nature-of the host anion.. A model for near -activator centera
is proposed. It is concluded that the phosphors investigated exhibit aotivat’“}'”ae
- {well as near activator electronio axcitations. The authors thank E. R, Il'mas for |~
the development of the ultraviolet vaccuum experimental apparetus and R. A. Hink for|
his help, as well as_A. A, Haaroos for the T1 detemination in the phosphorg.;”Orig. .
art. has: 2 tables and 6 graphs, 7"

~ |ASSOCIATION: Inatitut fisiks ER aa{:ronomii, AH EstSSR (Institute for Pbyai gd__,__” ‘
,Astronouv, AN EatSSR) P ; :
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TITLE: Recombination lunﬁx_xesgegqgf’éf activated ionic crystals

SOURCE: Acta physica polonica, v. 2, na. 3-4, 1964, T03-709

IC TAGSE ibination emission, recoubiriation luningscence, luminescence,
halide crystal, activated halide erystal, ionic crystel, {mpurity center, impurity
conductivity, free electron, hole migration

TOPIC TAGS:

4BSTRACT:  Expéerimental results of delayed emission of alkali halide crystals -
activated by Ga; In, T1l, Sn, and Ag are discussed. It is shown that the delayed
emission has the nature of recombination, & fact that is confirmed by the emer-
gence of photoconductivity, thermostimulated current, and thermostimulated elec-
tron emission. An examination of the electrothermostimulated luminescence of
surface-activated crystals shows that iuminescence emerges, in ths main, dus to
the recombination of free electrons with trapped holes. If exciting radistion is
abgorbed by impurities, the holes are localized immediately at the impurity cen-
ters. In optiecsl excitation of "zone-zone" transition only some of the holes are
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-7 confined to the {mpurity centers. At ‘low temperatures, hole migratfon ie frozen.

- Recombination luminescence of ionic crystals cen result in some cases from the
recombination of free electrons with trapped electrons at impurity centers. Re-
combiration emission of impurity fons {s generally observed in orystals in which
the recombination centers of electrons and holes coincide with the luminescence
centers. If the centors (as in the case of NaCl-Ti and Mn) are spatially separated,
sensitized recombination luminescence occurs. "The authors thank G. Liidja, H.
Raambre, V. Denkg, G. Zolotaryov, E. Tiisler, and M. Okk for their help in the
investigation of KBr-In, KBr-Tl, and KCl~Ag phosphors." Orig. art, has:s 3

figures. -

ASSOCIATION: Institute of Physies and Astronomy, Academy of Sciences of the
Zgtonisn SSR, Tartu, USSR .

SUBMITTEDs 02 L _ ' ENCL: 0O , SUB CODE: 0P, SS
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TITIE: Regularities of fluorescence in activated icmic crystals ’{f;/.

R . . 7 -
_SOURCE: Acta phbysica polonica, v.25, to. 3-l, 1964, T11-T1T

| MOPIC TAGS: fluorescence, luminescence, fonic crystal, emission spectrum, excita-
tion frequency, quantum efficiency, excited state, polarization, thermostatic ac-
ticn, impurity center, luminescence center

, ABSTRACT: Basic regularities i{n the luminescence of impurity centers of KTl crys-

" ¢als activated by Ga, Ge, In, Sn, T1, Po, and Bi cations have been investigated at
100 and 295K. The experimental results for eonjugated electronic-vibrational trans-
jtions (obsorption and emission) show that: 1) the emission spectre do not depend
on excitation frequency ve; 2) the quantum efficiency of luminescence does not de-
pend on Ve nor on light emission freguency vy 3) the lifetime of excitated states
does not depend on ¥, or vy; and 4) the degree of polarization does not depend
on either Ve or vy. These regularities in luwninescence result from the strong
thermostatic action of the host lattice on luminescence centers. However, the reg-
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; ulerities are genem].lynot observed in processes involving more than the lovest
and upper electronic states of the impurity centers, particularly at low tempera-

tures. In this case the emission spectre and the quantum efficiency of lumines-
cence depend on Ve, the lifetime of excited states and degree of polarization de-
pead on v, and ¥¢, and the dependence ic of & complex "step-like" mature. These
peculiarities in the emission of ionic crystals are due to the absence of the equi~
librium distribution of centers in the different electronic states resulting from
the insufficient; radiationless transition probebilities between the different ex-
cited stetes. ™Mwe authors thank S. Zazubovich, T. Soovik, and BE. Realo for help-
irg in the investigation of polarization characteristics and photoscintillation of

KC1-5n crystals." Orig. art. has: 3 figures.

| ASSOCTATION: Instiﬁm‘:e of :Phﬁ'sics:"e‘.nﬁ Astronomy, Academy of Sciences. Estond an
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1
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1

TITLE "?hbfofi"ﬁx{xiﬁiﬁiication in ery stalss  I. Luminescence excitetion spectra of
fonie crystals in the range from L to 21 eV

SOURCE: Optila i spekbroskoptys, Ve 18, no. 3, 1965, k53-460

" | TOPXC TAGS:. iomic orystel, photon multiplication, excitation spectrum, lumines-
" gence exéi{;&_ﬁ;q;x,"luinine,s‘xcence‘»yieid,';aj;g.n{;um:yield ' '

_ABSTRACT: .. This is the first of & geries of papers end is devoted to & conviuneing
experimental proof of the existence of photort multiplication in crystals in the
optical band. To this end, the authors measured the luminescence sxcitation spec-
tra of 11 single-crystel phosphors KI-T1, KI-In, RbI-~Tl, EbI-In, CsI-Tl, CsI-In,
KBr-Tl, KBr-In, KCl-Tl, KCl-In, end NaCl~Tl in the range from 4 to 21 eV. A vacu-
um SP-68 monochromator modified for luminescence prasurement was used. The ultre-
lolet source was & quartz-capillavy high-power larp of construction described by
F. I. Vilesov (PTE, no. &, 89, 1958), The luminescence of the phosphors was re-
gistered with & photomultiplisr through filters that separated the individual
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”'b&nds- v 'I'he def:a.il ol _he test proeedure are deserived. - The results show that
at energieg above 12 eV the quantum yield of the activator luminescence increases,
exceeding in many cases the near-unity quantum yield of luminescence produced by
direct excitetion of the luminescence centers. This demonstrates beyond any doubt
thet one exciting quantum can produce in fonic crystals two luminescence quants,
praving the existence of photon multiplicatlion in the optical spectrum. The re-
sults chow algo that the stepwlae character of variction of the quantum yield from
sctivated fonic crvsi.ala ag a function of the frequency of the applied light, in-
dicated in eéarifer papers by one of the authors (Ch. B. Lushchik, Tr. IFA AN ESSR,
no 14, 3, 1961 and others), is observed not only in the region of ectivator but
elgo in the region of the fundamentel sboorption, at least up to 21 eV energy.
Orig. arte has: 5 figures and 1 table.

Y

ASSOCIATION: None =

SUB CODE: oP,S5S
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© |AUTHOR: - Ti'mas; Ee Ref Liydtys, G: Guj lushehik, Che B @6?/'
S he ta T bt . R Mw-’-éi—'-ﬁ-;:a.gg;h_‘;i

TITEE: Photon miltiplioaticn in crystals. IX. Photon mutiplicaticn mechanisss
SOURCE: Optika { spektroskopiye, ve k8, no. &, 1965, 631636

| TOPIC TAGS: elkeli halide phosphor, qusntum yfeld, optical sctivation, Tumines-
cence, photon multiplication, impurity center, photcstimulated luminescence,
excitons electron hole multiplicati

ABSTRACT: Part I .of the .article, published earlier {Opte 1 Bpektre v. 18,

453, 1965) demonstrated that the activator-glow quantum yleld exceeds unity

in some crystale excited in the region of the vecuum ultraviclet. The purpose of
Part II was to escertain the mechanism whereby the energy of one exciting
‘quantum is trangformed in the cerystal into the energy of two or more luminesgence
‘quanta of equal frequency. To this end, the excitation spestra of the instantane-
‘ous stationary glow component and of the photostirmlated luminegeense were inves-
 tigated in KITl, KI=In, RbI~Tl, end RbI-In in the reglon fowm bk to 2L eve Tue
.experimentsl procedure was the paxe &s degeribed in Part I. The dependence of the

. 1/2
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| instantc.neou anciinertial stationary‘ glow components on the ﬁ-equency of the ex-

! oiting light was ‘gtudied. An analysis of the experinmental data shows that there
exist ot leagt two mechanisms of phofon smultiplicetion: exciton and electron-hole.
It is observed that in the region of photcn multiplication the dependence of the
yield on the intensity of excitation hes singularities connmected with the jump-

. 1ike incremgs in the volume density of excitation. No mechanism connected with

. dgirect exnitation of impurity centers by fast electrons could be detected in the
. experiment. Orig. ert. has: 3 figures and 2 formules. [02]

ASSOCIATION: Nome

SUB CODE: OP, 88 = °
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 AUTHOR: Lushchik, Ch.B. ,/4
{

TITLE: Physteal processes in luminescing ionic cryﬂtnls Meport, 12ty Confarence
on Luminescence held in L'vov 30 Jan-6 Feb 1964/

i SCURCE: AR SSSR. Izvesity. Seriya fizicheska}a v.29, no.1l, 1965, 10-18

“O?Zc TAGS' luminescence, ienic crystal kinetics, exciton, excitation, impurity
center

ABSTHACT: This 18 4 review article discussing the work during the last decads of ;
the Estonian group at Tartu concerning the physical processes in luminescent stor- .
. 2ge. This group has set itself the task of conducting detailed investigations of
the physical processges involved i{n fthe direct excitation of luminescence centers,
the migration of these excitations and the role of the aimplest electron excita-
tions of the host materidl; they have rocently extended their investigations to
higher energy electron excitations and have done considerable work in the vacuum
ultraviclet out to 21 eV and with electrons of energies up to 5 keV. They have de-
veloped a "spectral-kinetic' method of investigating the kinetice of luminescence

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001030920009-7"
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t phenomena in tine intervals ‘from 106 to 10'6 sec and hopé to extend these invest{-‘
. gations to intetvaia of 10~? gec. Many of the findings of the Tartu group are men-
tioned with reference to the original publication qu some are discussed briefly

" and illustrated with absorption spectra of indium’of silver @otivated alkali bal-
i{de crystals. The sequence of events tnvolved in radioluainescence i3 comceived 23
follovs: the initial X ray or y ray produces a photoelectron or a Compton electron
which in turn gives rise to a cascade cf secondary electrons. The secondary elec-
trons give rise, by obscure processes, to short-lived electron excitations, which
are transformed into 3table electron excitations. These excitations are trapped by
+mpurity centers which, after intermediate internal processes, give rise to lumi-
nescence. Purther exparimants, particularly in the relatively unexplored energy re-
Jlon from 20 to 1000 ‘eV, ere required to determine how well the concepts developed .
{ by the Tartu group refleqt the complex physical phenomena in ionic crystals. Orig.
art.has: 5 figures,

ASSOCIATICHN: nons
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I 32825-65 = EEC(b)-2/EWT(1}/T . IJP{c) - . . . S : - —
. ACCESSICH NR: AP5004515 8/0048/65/029/001/0027/20,’35 ,

STEE TITLE: 'Traﬁsform*idns of alectron excitations in i¢c ¢ } eport, 12th ..
| Con‘orance on Luminsscence held in L'vov 30 Jan-5 Feb 1964

SOURCE: AN SS8SR. Izvestiya. Seriya fizicheskaya, v.29, no.l, 1865, 27-35

TOPIC TAGS: luminescence, ionic crystal, exciton, quantum yleld, alkali halide

. - i
ABSTBACT: The reflection spectra from the (100) surfaces of eight alkali halides 3
were measured to a quantum energy of 14 eV with a vacuum monochromator and the re- f
| sBults are pregented graphically. These spectra show numerous peaks above &8 rela- '
| tively smooth background; the peaks in the long wavelength portion of the spectra |
i are charscteristic primarily of the anion, and those in the short wavelength regim,
{ei}f the cation. The emergies of the short wavelength peaks are close to the minimum

!
' excitation energies of the free cations. The excitation spectra of the statiomary :

! activator luminecscence for a number of ionic crystals activated with In or T1 were
| measured by methods described elsewhere by three of the present authors (Optika i

AUTHOR: Il'mus E,R,; Kink,R.A.; Lid‘ya G.G.; Lushchik,Ch.B. . ?"5 1o

‘ spektroskopiya 17, No.8,1824). The quantum efficioncies were obtained by correcting.—

Cord1/2
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VA

for {ncomplaete ahsorption and sélective reflection, and thw results for several ai-

! kali halides dare presented graphically. Three regions can be distinguished in the
{ KC1 and KBr spectra, in each of which tha quantum yleld 18 approximately constant;

the region of activator absorption, the longest wavelength exciton absorption band |

end 2 broad region extemding to about 14 eV in the chlorides. Ir several iodides an

"{ increase in quantum yield was observed at excitation energies above 10 or 12 eV.
. This 19 ascribed to a photon multiplication process discussed
' ed above. These expérimental da¢a are discussed in sonme detail in connection with

in the refarence cit-

other material in the Iiterature. The striking fact that emerges 18 that the final '
results ere the same whether ths ionic crystal is excited by high energy photons or
by low energy oneg. ;t is concluded that the high energy excitation is rapidly

transformed into simple excitons and electron-~hole pairs. Orig.ari.has: 4 figures
and 1 table.

ASSUCIATION: Institut £12iki { metronomii Akademii nauk EstS88R (Inatitute of Phy-
sicy and Astrunomy of the Academy of Sciences, Estonlan 88R)

SIMMTT™TTN. v/ L Y
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| AUTHOR: Zolotarev, G.K.: Lushehik Ch.B,; Soovik,T.A.; Yaek,I.V,: Elango, M.A,

LT St TS

i , 2f
| TITIE:  Self-trapping of holes and optical phonomena in W /Report ,

- d2th Confargnce on luninescence held in L'vov 30 Jan-3 Feb 1984

. BOUPCE: AN S8SR. Izvestiya, Beriya fizicheskaya, v.29, no.1l, 1965, 36-39

' i
- TOPIC TAGS: lumiﬁescance,rionic crystal, recombination luminescence, thermolumines~
7} cence, radfation effect, self trapping

| ABSTRACT: The authors briefly review rocent work in their laboratory concerning
| the role of hole self-trapping in aptical phenomena, and 8pecifically in recombina-
 tion luminescence, rcentgenoluminescence and radiation coloring. The effect of self-
" trapping in each case is to suppress the phenomenon at low temperatures, where sgelf-
! trapping cccurs. Recombination luminescence 18 discussed less briefly than the oth-
. er phenozena and illustrative absorption curves and glow curves are presented. Pho-
- toluminescence of KC1l:Ag after x.ray pradiation at 100°k was found to be very small
until the material was heated to above 200°K; thereafter the photoluminescence wasg

. large sven after aubsequent cooling to 100°K. This beshavior is explained by the
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thermal raelgase of self~trapped holes which, after migrating to Ag"' centers, make
it possible for recombination luminescence to occur even at low temperatures. An
intense thermmoluminescence peak was observed for KCl:Agl at 2209, the radiation
of which is characteristic of Ag*I centers. This radiation is ascribed to recom-
bination of holes with electrors trapped in Ag+I centers and is regarded as the

" first cenvincing case of hole rgcombination lumigescounce at activator centaors in
fonie crystals, Furthey irnvestigation is dosirable to detormine whather anion ex-
citons may alse become gelf-trapped in ionic crystals at low temperatures. Orig.

3 figures.

ASSOCIATION: Institut fiz1ki i astronomii Akademii nauk EstSSR (Institute of Phy- .
: slca and Astmnom;r-ogrf the Academy of Sciences, Estonfan SSR) o
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UTHOR: . Zazubovich,8.G.; Liyd*ye,G.G.; Lushchik,N.Ye.; Lushohik,Ch,B. 2 il
$TIS: Optical strustize of lumiusscence centers in sctivatsd fomic crystals ~
/feport, I8th Confersnos on Luminescerce held in L'vov, 30 Jan-Peb 1964/

'SCURCE: AW 89SR. Izvestiya. Seriya firicheskays, v. 39, no. 3, 1945, 373-37p

“UroRIc TAGR: - tumineccensz, Luminascet<e polarization, luminescent crystal,
o lLeninescsnce center, alkali halide, single crystal .4

sRSTRACT; this paper is concorned with the Luminescence of alkali halide
“lprystals dehivated by mercury-like. iopg,., Excitztion grecira ave prescutsd for the
| Apotaasium Helides activated with imdiwe’and tantslwn (8 spectra); these specfra
Tigover (he phobon enasrgy raugs frowm 2 to 10 oY. Tures priscipel excitation regilonz
| ere distinguished: & group of long wavelength bamds (ths A, B, apd C bands); an
exoitation band sdjocent to the Omderental absorption odge (the P band}; amd an
‘axcitation band within the fuidament{al cbserption reglon. Earlier enperimentel
ldags, both of the presont authors opfi of othors, 6re #dduced, imsluding polarisa-
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tion spectre
These date are d

e to activator excitati ar fcally related to transitions
nds are due to activator excitation and are ganst
Zi the “Pi, 31’2, and 1P1 states of ths free activator iom, and that the D band ic

due to excitation

Orig- art. has: 3

* |ASSCCTATIONG -~ Nor

SUBHITTED:. 00

¥R REF SQV: OLT:

[

scer tivated with Go, In, 71, Ge, Sn, and BL.

:t soms length, and it is concluded that the A4, B, and C

of ions of the host, perturbed by neighboring activator fons.
figures and 1 table,

, 8UB CCDE: OP, 88
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TITIE: Multiplication of electronic excitations in tonic %rzetals /Raport, Fourteenth|
_Conference on Luminescence hold in Riga 16-23 September 1965/ 7 .

SOURCE: AN assR. Iives_tiya. Seriya fizicheskaya, V. 30, no. 4, 1966, 854-380

| TOPIC TAGS: drystal phosphor, semicocductor crystal, current carrier, ionic crystal ,
pair production, excited electron state . :

ABSTRACT: Each high-energy photon incident on a solid gives rise to hundreds or

thousands of electron-hole pairs and other electronic excitations, which may then be

| manifested in different forms. ' The purpose of the present work was to consider the

elementary processes of multiplication of electronic exclitatio (MEE) initiated by

a UV photon that produces 2-3 excltations. Primary attention is given to the multi-

plication mechanism in ionic crystals. The discovery of the effect of production of

: two carrier pairs by one photon and other early and recent exporimental studies are S—

L0 | reviewed with numerous references to goviet and foreign authors. The results of

‘different investigators and the data obtained by tho writers are drawn upon for more

‘or less general discussions of photon multiplication resulting in luminescence offi- ..

;

'Cu}d /2.
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| clencies exceeding unity (100%), nonlinoar effects in pair production, MER and "
‘radiation dofects, MEE and photoelectronic emigsion, MEE in crystals of different

classes, the micromechanism of electron-hole pair multiplication, and MEE involving ‘

| excitons and local excitations. IXllustrative energy band diagrams are adduced. In i
.q addition to effects in ionic crystals, some phenomena in semiconductors (mainly | -

| silicon* mﬂre described. In concluding a suggestion ia made for further | |

| research. Orig. art. has: 4 figurea, PR ' : ' i
!

8UB COOR: 20/ Y SUBM DATE: 00/ . . ORIG RER: 023/  omu BF: 020

Bl
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Conference on Tuninescence .he

SOURCE: AN 938R.’ Izvéstiya. Seriya ti?icheakaya,

TOPIC TAGS: crystal phosphor, alkali halide,

- ‘electron trap . :

‘ ‘ ABSTRACT: - The stateé purpose of the paper
Physics and Astronomy

Tartu (Institute of
studies aimed
"hole traps..

A'gonoral

"5, 1957).

‘duced to Bi

ions ivn;a KC1 lattice

at ‘elucidating the role of

The baslce experimental data were
" alkali halide crystals activated by Ga¥, InF, TI¥, Go2t, pp2t
discussion of ithe lumincscence centors in such phosphors has beon publighed
elgewhera (N.E.Lushchik and Ch.B.Lushchik, Tr.
, It is noted that the character of traps
. primarily bg‘._the charge of the activator ion.
and trap an eleciron in the process.

act as effective electron traps.

in.Riga 16-23 Soptember 1965/ .
Ve 3‘0‘110. 4' 1966' 695"697
recombination luninescence, jonic crystal{

ig to summarize the results obtained at

of the Estonian SSR Academy of Sciences) in
activator ifons in formation of electron and
obtained in investigating different

' cu® and Agt tons. A

In~ta £iz. i astron. AN EstSSR, No. 8,
formed by activators ia determined
For example, Bi ions are roadily re-
Analogously Ge2*, Sn** and Pb2*
A number of other cases of
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O
eﬂective elactron trapping are mentioned with references to the papers describing
the corresponding investigations. HMention is made of decomposition of atomic ceanters

“in ionic crystals, and a table gives the values of the decomposition temperature for
‘atomic Ag, T1 and Cu in different alkall halides. The question 1s then raised
whether activator ceaters in the same systems are also capable of trapping holea,
Recent electron paramagnetic resonance studies and optical experimentas indicate that
silver at any rate is capable of forming hole traps in alkali halide crystals. Refer-
ence is made to other studies and it is concluded that as a rule (and not as an .
exception) ‘activator luminescence centers in dlkalt halide crystals are capable of
trapping both electrons and holes, so that in many cagses in alkali halide crystal

- phosphora luminescence of activator centers ia observed as .a result of both recombina-
‘tion of electrons with trapped holes and as a result of reeombination ot holes with .
'trapped electrons.~ Orig art hu- 1 table.
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TACC NR: RTTOULTS6 -  "TTcoURCE CODE: UR/3119/66/G00/00k/0071/0083 -
.AUTHCH: il'mas, B. R.; Liyd'ya, G. G.; Lushchik, Ch. B.; Soovik, T. A.

02G; Institute of Pnysics and Astronomy, Al EstSSR {Institut fiziki 1 astronomii
C AN BotSSR ) i

TIT&E: Pno»on multlpllcatlon in crystals and the phenomenon of radioluminescernce

{ SOURCE: AN LatSSR. Ingtitut fiziki. Radiatsionnayas fizika, no. 4, 1966. Ionnyye
' kristally (Ionic crystals), 71.-83

fTOPIC TAGS: photon, radioluminescence, x ray effect, quantunm yield, ionic crystal,
{ aosorption band, light excitation

ABSTRACT: In connection with their earlier experiments (Opt. i spektr. v. 18, 631,
1965 znd elsewnere) dealing with observation end investigation of photon wdlo;?l.u-
cation by crystals in the optical bend {rather than x-ray or gamma region), the &u-
thors discuss in the present article the connection between this effect and tne phe-
nomena of x-roy luminescence and radioluminescence, Particular attention is paid %o
+he role of different electronic excitations of the crystal lattice end to lumines-  i--
cence excited in ionic erystals by hard rediation., Photon multiplication in the opti-;

: cal range was 1nvest1gated with a special set~-up including a vacuum monochromator eng
& gifrraction greting, a high power discharge lamp, & ronochromator, & vacuum chnaxzber .
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{ ACC NR: ATT001786 ,
for the samples, end a comparison standard (sodium salicylate) described in
er investigation. A number of optlcal phenomensa were investigated in the
&y range from 5 to 21 eV, particularly the spectra of the quantum yicld of s
pnotoluminescence of scveral dozen activated ion erystals. The results snow ccr
ingly that photon multiplication in the optical region of the spectrum does exi
rises wnen a single photon produces two electronic excitations in the crystal
The two possible mechaisms for this phenomenon (exciton and electron-hole) are de-
i scribed there and characteristic features are compared with earlier experiments oy uﬂu
. authors and by others., It is shown that these two mechanisms operate elso in the ca
oi racioluminescence of ionic erystals. A formula is derived for the energy yield of )
activator luminescence excited in the main absorption bands of a erystal. The possi-
| bility of decreasing the time lag of the electron-nole radioluminescence mecharism in :
. scintillating crystals is discussed. As a rule, in stationary radioluminescence the ‘!
: electron-nole mechanism predominates, wnile in scintillations the iwo mechanisms ere
: in general on par. In NaI-Tl crystals the electron-~hole mechanism apparently predomi~!
1 nates. It is shown that a possible reasson for the deviation of the real sc11t1;xat101'
: vield from the estimates presented in the article is the inertia of the electron-no;e
mecnanism. Orig. art. has: U4 figures, 4 formules, and 1 table.

. SUB CODE: 20/ SUBM DATE: 00/ ORIG REF: 022/ OTH REF: 006
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ﬁ’ETROVSKIY, M.1.[Petrovs'kyi, M.1.], dots., otv. red.s GRINOVETS,
I1.F.[Hrynovets!, I.F.], dots., red.; LUSHCHIK, I.0. .
(Lushchyk, I.0.], dots., red.; MIKHAYLOV, V.1.[Mykhailov,
V.I.},dots., red,; PASTER, P.I., red.; TIVONCHUK, I.0.
[Tyvonchuk, I.0.], kend. ekon. nauk, red.; YAREMCHISHIN,
B.M, [IAremchyshyn, B.M.], st. nauchn, sotr., red.;
YAKIMTSOV, P.P., dots., red.; GRINSHPON, F.0.[Hrinshpon,
F.0.], red.; KVITKO, I.S., red.

[Flourishing of the economy of the western provinces of

the Ukrainian S.S.R., 1939-1964] Rozkvit ekonomiky zakhid-

nykh oblastei URSR (1939-1964 rr., Liviv, 1964. 126 p.
(MIRA 17:11)

1. L'vov, Universytet.
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PETROVSKIY , li,1, f}etrovs -}, otv, red.; LUSHCHIK, 1,0,

[LJsh hyk, 1.0 "-' , red.; PETRGV, V.S., dots.,
reda; KVITKG, I.S., - '

[Material incentives and rachmolsgical progress] Ma.
terialfne stymuliuvarnia 4 tekhnwchnyL progresa,
Liviv, Vydeve L'vivslk:hs univ., 1964, 126 p,

(MIRA 18:8)
1o Livcv, Universytet, Kafedra poliny-hnoi ekonomii.
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_ WUSHCHIG, KT,

Our method for magnetizing magnets in the relays of
centralized traffic control systems. Avtom., telem. i
sviaz' 9 no,10:28-29 0O 165, (MIRA 18:11)

1, Starshiy inzh. kontrol'no-ispytatel'nogo punkta Sal'skoy
distantsii Severo-Kavkazskoy dorogi,
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LUSHCHIK, KoI. .

Protection of frequency-type dispatcher interlocking
equipment from atmospheric overvoltages. Avtom,, telom,
1 sviaz' 9 no,3:32-33 Mr '65. (MIRA 18:11)

1, Starshiy inzh, laboratorii kontrol'no~izmeritel'nykh
priborov Sal'!skogo otdeleniya Severo-Kavkazskoy dorogi.
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- LUSHCHIK, M. __

atudy oi cc ono'ur'a by trade-union activist
j s.l
(LIZA 143 g)

Current problems in the
groups. Sov,profsoiuz; 17 no,4:23-25 F

1. Zaveduyushchiy lektorzkoy gruppoy Hoskovskogo zorodsi:o-o soveia

profsoyuzov,
(Moscow—zZcenomics——Study and teachia)

(Moscow—Trade unions)
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LUSHCHIK, Ch.,; LUSHCHIK, N,

oA i M taeta L

Regularities of fluorescence in activated ionic >.ratals,
Leta physica Pol 26 nol.3/4s711-717 S=0 ‘64,

1. Institute of Phyaics and Astronomy of the Academy of
Scienzes of the Hstonian S.5.R., Tartu,
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LMSHCHIK, N,

"Alkali halide phosphors activated with indium,"

p. 149 (Uurimused, Trudy) No. 6, 1957
Tartu, Estonia

SO: Monthly Index of East European Accessions (EEAI) IC. V
April 1958 s ( ) IC. Vol. 7, no. &4,
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24(2), 24(7) SOV/48-22-11-16/33

AUTHORS s Lushehik, Ch. B‘L\Egitiﬁifi_ﬁi_ii;/

TITLR®: tpectroscopy of Luminescence Centers in 4lkali-Halide Crystal
Phosphors Activated With Mercury-Type lons (Spektroskopiya
tsentroyv lyuminestsentali v shchelochno~-geloidnykh kristallo-
fosforakh,,aktivirovannykh rtutepodobnymi ionami)

PERIODICAL:s Izvesi;ya Akademii nauk 42%R, Jeriya fidicheskaya, 1958, Vol 22,
- Nr 11, pp 15‘1 1355 ‘UHUR) ’

ABSTRACT: The structure of electron absorption spectra . (excitation spectra)
exhibits the ‘same bagic features in:;all-kinds. of phosphors; A
wide" (sometimes ‘8aplit). band and a group consisting of. three
weaker long-wave bands. A quantitative. comparison of-the char-
acteristics ‘of :free ions and of-the luminescence centers dem-
onptrated,- nowever,: that the properties of the Ymercury-type
-ions" are modified by the- intramolecular field to a much greater
degree than those: of the.. rare-ﬂnrth ions. Such ions are

ca’t-, Ge2+ , Ints, snti, mt -, and sz‘-xona (Ref 18). For all

metal impuritiee in alkali-haIide crystals the "compression

a " - 1'
Card 1/4 °°eff1°1 "t L E, /E.:> that is to say the field of the

2
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) erqta}: ‘Phosphors '

Activated W ith: Mercury-Typé 1o

B

8peotroscopy of Luminesvéen'c-e ,Cén,t'era_ in Alkali-Halide
"_Uses ..gn;qppro;mgt\mn"o'f the energy. levels of

'grxgta l,:xl-gitfibei ca
thé impurity ocation’ df'ehi’érs,';]-’,b?; impurity anion ‘centers an in- -

ve‘gs e-» 1‘96’11‘181‘"1‘75’ had : tf)__ijbe""' fb»x'péc't.e'da:\.rq,(‘,'1:'.:, Phe mutual position
;i the '-'gnirgy ‘levéls’ of  the "eéT¥otron -i)-dni/‘igz.x'x‘ei"gi:dxf 3P, 3p
P I A v A i P ,,"'.(;-:p A VAR TR I o’ Tt
Pa? aer‘ 5P~,1 115. m’ordvi'aied if an''ion Vs ﬁ&!od;ic'edj into the 1lattice
iéztlldbin»ta direbtion whibh indicates a Weakehitg of the (L 's)-
imtelg ,hf ?,l'{ata;l.rla'btfioe (Ref- 3): Ft ‘appéared that: mpprox.
— o o Y aE ('Rﬂgfia) .’:]!h“i;a; approximate: relation nharmits
it ke some dmpdttant” e bnil our st {kaLoe. The' thevan
T tapa'ions, thier thren. wealy TAMERg Of theTovels of meroury-
. . et , M 1 " QY,G‘:S,Q,IxTth’el-e'ot‘x‘oxi‘.rﬂ"lpf atio \ ) S k4
tt;;rﬁx::%tm%gﬁt“ .'f“fﬁ.’??‘i??!,iimm iga_t‘e&tii'x:‘riléixg._ qnga :oszi“;:ré o
16xagt, mqthods -and by-means of, gerion; expanaiqns’ (Refs 22-25), " 4

N

: 32;2&?‘2?*3;‘” G 10:1“*0&/“@5 abaorption:banda:ef the" luminegcence. -*

| 10n8, 6xnibAt. ayehany IOl Baveibaen' adtivated: by wercury~type
Card 2/4 which ig. due to hp - PPTOXiaatdng:thatof/Ghuseian:érror ourve
L (12 T§afne to. She-heavy: aneray Agsnss: in.Stokes i fluorescanse”
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: SOV/48-22-11-16/33
Spectroscopr of luminescence Centers in Alkali-Halide Crystal Phosphors
Activated %ith Mercury-Type Iong

(1 - 2 eV). This was also predicted by the theory of Pekar

(Ref' 22) and can be concluded trom the Klick model (Ref 16). The
parameters of the potential curves of luminescence centers com-
puted according to data provided by measurements at different

+

temperatures demonstrated that 1, %, and Ee are dependent uvpon

temperature, 1 being the quantum number, Ee the energy of a

pure electron transition, and Q the activation energy of the
temperature extinction of luminescence. The Klick -Wilisms model
can be considered a good first order approximation ot a descrip-
ticn of the luminescence centers. This model can be success-
fully used in describing a number of important spectral reg-
ularities in a semi-quantitative manner. Quite recently a new
physical phenomenon, that of an "optical extinction” in the im-
purity centers of the crystals was prea:cted on the basis of
this model. Taking into account this ettect criteria of the
existence of luminescence and deviations from the Vavilov rule
(Refs 32,%,%%,8) were investigated. There are 2 tigures and

33 references, 24 of which are Soviet.

g
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SOV/48-22-11- 16/33
Spectroscopy of Luminescen~c Cen‘ers in Alkali-Halide Crystal Phosphors
Activated With Mercury-Type Ions

ASSOCIATION: Institut fiziki i astronomii Akademii nauk EstS3R (Institute

of Physics and Astronomy, AS Egtonian 5S8R)

Card 4/4
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LUSHCHIK, N, Ye., Candidate Phys-Math Sci (diss) -- "Investigetion of centers of

luminescense in alkali-halogen crystal phaphors activated by mercury-like ions:

Ge*, In', T1*, Ge'", Sn'", A" ". Tartu, 1959. 12 pp (Tartu State U) 225 copiles
(KL, Mo 25, 1959, 126)
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LUSHCHIK, N.Ye., otv, red.
=

[Materials of the 7th Conference on Luminescence

(cryotallophosphorescence) , held at Moscow, June 2 to

July 3, 1958]Materialy VII Soveshchaniia po liuminestsen-

toil (kristallofosfory), Moskva, 26 iiunia - 3 iiulia

1958 g. Tartu, Akad, nauk Estonskoi SSR, 1959. 390 p.
(MIRA 15:9)

1. Soveshchaniye po lyuminestsentsii, 7th, Moscow, 195€.

(Phosphorescence~-Congresses)

Crft Rr S e SRR IR
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LUSHCHIK, N, Ye., SHVARTS, K. K., LUSHCHIK, Ch. B., YAEK, I. V., and LUDIYA, G. G.

Physical Processes in Alkali Halide Phosphors
Activated by Mercury-Like Ions

Ch. B. Lushchik, I. W. Jack, G. G. Ludja, N. E. Lushchik, and K. K. Schwarz

Physics and Astronomy Institute, Academy of Sciences of the Estonian S.S.R.,
Tartu, U.S.S.R.

A number of alkali halide phosphors activated by monovalent and divalent ions
having the electronic configuration of neutral mercury were prepared. Diffusion
and precipitation of activator ions were investigated as were absorption, emission,
and radiationless processes within the impurity center. Energy transfer ty means

of excitons and electron-hole pairs between the luminescent center, the host
crystal and color centers were also studied.

Report presented at the 117th Meeting of the Electrochemical Society, Chicago,
1-5 May 19€0.
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J4, 3500 (1371138 3%5)
AUTHORS:
TITLE. The spectroscopy of impurt
tivated bty noble metal ionsz

PERIODICAL:
("Tr. In-ta fiz,

TEXT: Spectral characteriss
Cu, Ag and Au were investigated,
and emission were obtained: KBr-Cu (100°K),

Lushchik, N.Ye., ZaZubcvich, §5.G.

Referativnyy zhurnal. Fizika, nc, 6, 1961, 1
1 astren, AN EstSSR" | 1960,

lizz of KC1 and KBr single
The following spectra of abscrptlen, excitasicn
KBr-Ag {100°K),

CIA-RDP86 00513R001030920009 7
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ity centers in alkali.halide

164, lu,, sbstract €V223
ne, 12, 267 . 270)

crys=als activated by

KBr-Au (3OO°K)V In

comparison with speetra of phoschors based on KC1, the -pe::ra of KBr-Ag ars dis.

prlaced towards longer wavelengths

centers in erysz

tals are icns of Cut, Az, AuT

A conclusion was drawn freom the comparizon of

interactina with the preximate sur.

impurity center characteristics in crysyaic and frse nctie Ions: luminezcsnce ‘74\

rounding of the
terackticn with the
ters., 1t has Tteen fo
transitions nd1Q__9nd
[Abstracter's note’

Cérd 1/1

crystalline lattice,

{(n+1)p.
Compiste tranzlaticn]
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L 45500 B201/K691
AUTHORS 3 Lushehik, N.Ye. and Lushchik, Ch.B.

NER——

TITLE: Spectroscopy of the Luminescence Centres in Alknli-Halide Crystals
Activated with Homologous Series of Ions V\(

PERIODICAL: Optika i spektroskopiys, 1960, Vol 8, Nr 6, pp 839-846 (USSR)

ABSTRACT: This paper was first presented at the Conference on Fhysics of
‘Alkali-Halide Crystsls held in Tartu in June 1959. 1In slimli-halide
crystals activated with mercury-like (Ga*, Gett, In*, Sutt, T1F, PuH)
and other ions one is dealing with "diract activation® when the
luninescence centres retain many characteristics of free ioms. This
was found to be true for NaCl, KCl, EBr and KI sctivated with the
mercury-1ike ions listed above (series I, cf. Fig 1), 88 woll as
for two other homologous seriess Cu’, Ag*, Au” (sertes II, cf. Fig 3),
and Ca¥, Sr¥, Ba¥, 2n*, Cd% (series III, cf. Fiig 4). Quantitative
analysis of the results (Fig 2) showed that the "compression® coefficient
@ (the ratio of the energy of transition in & free ion, Bp, to the

enargy of the corrssponding absorption band maximum, Bp, of the same

ion acting ss a luminescence centre in & crystal) rises linearly on

3 Aeseet e
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§/051/60/008/06/016/024
E201/K691
Spectroscopy of the Luminescence Centres in Alkali-Halide Crystals Activated with
Homologous Series of Ions

increass of Bps - X
P =Bg/B) =14 aBe (1)

Eetimates obtained using Bq (1) showed that “direct activation" of

aliali-halide crystals with other homologous .series of lons is _also

possible, at least in principle. A promising line of investigation

s "direct activation® of alkali halides with 8c*, Ti+t, V¥, Zrtt,

Latt apd HfH, which differ fram mercu:zy-like ions by the absence

of & filled d-shell. There are 4 figures and 30 references, 19 of

which are Soviet, 9 English and 2 German.

SURMITTED: September 28, 1959
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AUTHORS : Lushchik, Ch.B., Lushchik, N.Ye. and Shearts, K.K,
TITLE: Electronic-Vibrational Processes in Luminescence )l

Centres of Jonic Crystals ?[
PERIODICAL: Optika i spektroskopiya, 1960, Vol,9, No.2, pp.215-222

TEXT: The paper was first presented at the Eighth Conference on
Luminescence held in October 1959 in Minsk,

The authors report a detailed study of electronic~vibrational
processes in luminescence centres of alkali-halide crystals V/<
activated with Hg-like ions, The luminescence and absorption

spectra were recorded and the luminescence quantum yield was found

as a function of the exciting-light frequency Ve and temperature.
This was done for KCl-In, KBr-In, KCl-Ga, KBr-Ga, KC1-T1, KBr-Tl,
NaCl-T1l, KC1l-Pb, KCl-S5n, KBr-Sn and other crystals. Some of the
results are given in Figs.1l to 4. Fig.l shows the luminescence
spectra of NaCl-Tl at 550°K excited with 254 mp (curve 1),

280 mp (curve 2) and 289 mp (curve 3). Fig.2 gives the absorption
and luminescence spectra of NaCl-T1 (1), KC1~-T1 (2), NaCl-Pb (3),
KCcl-Pb (4) and KBr-Pb (5). Fig.3 shows the energy diagrams of

KCl and KBr crystals activated with T1*, Pb**, In* and Snt+,

Fig.4 gives the quantum yields of luminescence of NaCl-Tl at
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Electronic-Vibrational Processes in Luminescence Centres of
Tonic Crystals

distribution in excited centres, The quantum Yield depended N
Step-wise on Ve : within individual electronicwribrationa'l )
absorption bands the Yield was independent of ’Oe, but it wag

different for different absorption bands, There are 4 figures,

1 table ang 45 references: 35 Soviet, 9 English and 1 German,

SUBMITTED: November 30, 1959
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AUTHORS: Lushchik, N. Ye., and Zazubovich, S. G.
e T ————
TITLE: Spectroscopy of luminescence renters in ionic crystals
activated with noble ions (Cut, Agt, Aut)

SOURCE: Akademiya nauk Estonskoy SSR. Institut fiziki i astrono-
mii. Trudy. No. 14, 1961. Issledovaniya po lyuminest-
sentsii, 141-167

TPEXT: The authors investigated the absorption and luminescence
spectra of KBr, KCl and NeCl activated with Cu, Ag and Au. Compari-
son of the energy structure of luminescence centers in the phos-

phors with the structure of free Cu+, Ag+, Aut ions gave informa-
tion on the nature of these centers. Phosphor monocrystals were
prepared either by the Kyropoulos method or by method of diffusion
of the activator from gaseous phase. The initial materials were
KBr of analytic purity, KCl of special and chemical purities, and
NaCl of spectroscopic and chemical purities. AgBr, AgNo3, CuCl and
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HAuCl, were used to activate the alkali halides. The phosphors
formeﬁ unstable solid solutions with their activators and, there-
fore, KBr:Cu, KOl:Cu and KBrsAu were quenched after heating to
400°C, while KBr:Ag, KCl:Ag and KClsAu were quenched after heating
to 600°C. Absorption spectra were recorded with a spectrophotome-
ter C¢-Y (SP-4). Emission and excitation spectra were obtained with <
two SF-4 instruments, one of which was used to select the required
emission nr excitation wavelengthe. Low-temperature measurements
were carried out in a metal cryostat, in which temperature could be
varied continuously from 100 to 500°K. The authors examined the ac-
tivator distribution in the phosphors using a microscope MB5W(MBI)
and a dark field condenser. They also compared the phosphor absorp-
tion, excitation and emission spectra with the energy level struc-

ture of free Cu’, Ag’ and Au' ions. The results indicated that the

luminescence centers were mainly single Cu+, Ag+ and Au’ ions
(type I centers). There were also some centers (type II) composed
of these ions associated with crystal defects, such as vacancies
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or dislocations. The-.-nature of type I centers -was firmly estab-
lished, but further work is needed on type II centers. Acknowledg-
ment is made to Ch. B. Lushchik for suggesting the subject and di-
recting the work and to R. I. Gindina for help in microscopic mea-
surements. There are 16 figures and 43 references: 29 Soviet-bloc
and 14 non-Soviet-bloc. The 4 most reoent references to the Eng-"
iish-language publications read as follows: D. Barber, K. Harvey -
and J. Mitchell, Phil. Mag., 2, 704 (1957); H. Etzel and J. Schul- b///
man, J. Chem. Phys., 22, 1549 (1954); R. Knox, Phys. Rev., 115,
2095 §1959); Y. Uchida and R. Kato, J. Phys. Soc. Japan, 14, 1408.
1959). - - - o

SUBMITTED: July 29, 1960
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AUTHORS: Zazubovich, S. G., and Lushchik, N. Ye.

TITLE: Luminescence spectra of centers in crystals activated by
isoelectronic ions

SQURCE: Akademiya nauk Estonskoy SSR. Institut fiziki i astrono-
mii. Trudy. No. 14, 1961. Issledovaniya po lyuminest-

gentsii, 283-285

PEXT: The authors studied emission and excitation spectra of lu-
minescence of KC1l:T1l, KC1l:Fb and KC1:Bi phosphors in order to find p//
the effect of change from free %o bound state on the transition
energies of activator ions, KC1:71 (0.03% mol.% Tl in melt) and

KC1l:Pb (0.5 mol.% Pb in melt) were grown by the Kyropoulos method.
KC1:Bi (0.01 mol.% Bi in melt) was prepared by the Stockbarger-

Shamovskiy method in evacuated sealed quartz ampoules. Excitation

and emission spectra showed that in KCl1 phosphors the 1so—--;}P1

vibroniec (electronic—vibrational) transition energies decrease
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along the series mt - Pb2+ - Bi3+ in contrast to free ions where
this energy increases from Tl to Bi. Energies of purely electronic
transitions behave in a similar way. This decrease of the transi-
tion energies is governed primarily by the activator ion charge
and, to a much lesser extent, by the type of the ion. It is known .

that KC1 phosphors activated with the isoelectronic ions Int, :

Sn2+ and Sb3+ behave in the same way. A theoretical explanation of
these observations is to be published by N. N. Kristofel' (Trudy
IFA AN ESSR, no. 15, 1961 - in print). It is intended to follow up
the present note with a more detailed communication. There are 1
figure and 7 references: 5 Soviet-~bloc and 2 non-Soviet-bloc, The
reference to the English-language publication reads as follows:

A. Glasner and R. Reisfeld, J. Chem. Phys., 32, 956 (1960).

SUBMITTED: February 20, 1961
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AUTHORS: Zazubovich, S. G., Iushchik, N. Ye., and Lushchik, Ch. B.

TITLE: Polarized luminescence of the KCl:Bi phosphor

SOURCE: Akademiya nauk Estonskoy SSR. Institut fiziki 1 astrono-
mii. Trudy. No. 14, 1961. Issledovaniya po lyuminest-
sentsii, 292-293

TEXT: The authors investigated the luminescence of the KC1l:Bi

phosphor and found that Bi3+ emission was polarized. The degree of
polarization, P = (I, - ;i}/(I” + I,), for the 3.5 - 3.9 eV exci-

tation band waes not greatly affected by the exciting frequency and
reached 0.8, Comparison of the angular dependence of polarization
with P. P. Peofilov's theory (Ref, 3: Polyarizovannaya lyuminest-
gentsiya atomov, molekul i kristellov (Polarized Luminescence of
Atoms, Molecules and Orystals), GIFML, Moscow, 1959) showed that
fundamental oscillators where linear electric dipoles aligned
along 04 axes, i.e. along the cation-anion direction., The absorp-
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Polarized luminescence ... D207

tion is due to 1SO~>3P1 transitions. The high degree of polariza-

tion of KC1:Bi luminescence was due to poin% defects next to Bi3+
ions which impede reorientation of P electron-density "dumb-bellg"
along C4 axes. After X-ray radiation of KC1l:Bi, the number of V-

Bi3+ centers was found to be strongly reduced. Simultaneously new _7_

activator centers, B:i‘.2+, appeared in the phosphor. The excitation
spectrum of the new centers was peaked in the region of 4,25 eV
and the emission band had a maximum at 2.9 eV. Luminescence of

B12+ centers was practically unpolarized; this is in agreement

with the absence of polarization of luminescence due to 231 P
2

P, /p transitions in free Bi°" ions. Detailed results will b pub-

lished later, There are 4 Soviet-bloc references.

SUBMITTED: April 29, 1961
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AOS1/A101

AUTHORS : Lushchik, N, Ye., Lushchik, Ch. B.

TITLE: Flectron-vibrating processes in the luminescence centers of ionic
crystals with the participation of some, excited states

PFRIODICAL: Referativnyy zhurnal, Fizika, no. 8, -1962, 43, abstract 8v299
("I'r, In-ta fiz, i astron, AN EstSSR" 1961, no. 15, 30 - 55;

summary in English) Vég

TEXT: The dependence of spectra and quantum yield of luminescence in
KCl-In, KBr-In, KBr-Ga, KBr-Sn, KBr-Tl, KBr-Pb, and KI-Tl phosphors on the fre-
quency of exciting light has been investigated at 100 and 295°K. Emission spec--
tra of impurity centers in crystals and of free mercury-like ions are compared
~in detail. The mechanism of nonradiatilve 1P1—7 3p transitions and the effedt of .
vagitation" of electronic states in luminescence centers are discussed. There
are 28 references.

[Abstracter's note: Complete translation]
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243500 (11371125, 1163)
AUTHORS: Lushchik, Ch.B., Gindina, R.I., Zazubovich, S5.G., and
Lushchik, N.Ye.
f———“\

TITLE: Polarization characteristics of some alkali halide crystal
. phosphors .

SOURCE: Akademiya nauk Estonskoy SSR.- Institut fiziki i astronomii.
H Trudy, no. 17, 1961. Issledovaniya po lyuminestsentsii, 38-49

.crystals activated by mercury-like (ca™, 1n*, mt, Pb’, Bi' ') and noble
i(Cu+, Ag , Au ) ions were investigated. The study was conducted so as to

" lexplain how far activator ions jnteract with different types of crystal de~ i b(

fects and whether these defects spread to luminescence centers whose '"core'
'is composed of mercury-like and noble ions. The polarization method em- i
iployed was developed by.P.P.Feofilov who used it to reveal the anisotropy
:of colored centers and luminescence centers established by rare earth ions

|
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P
‘in certain metal fluorides. It was shown that the emission of the main
-luminescence centers at 293o K is not polarized in most phosphors., The

. luminescence centers in KCl1-Bi and HaCl-Ag phosphors reveal a strong
'polarization of luminescence. Azimuthal dependences of the degree of
‘polarization show that the oscillators are oriented along the C, axes. It
is doubtful whether such an orientation testifies to an anion défect near
{the activator. The polarization diagram of KC1l-Bi corresponds to, that of
-absorption and emission by electric linear oscillators. The polarization
‘spectra of KCl-Bi, NaCl-Ag, KC1-T1l, and NaCl-T1 were investigated and dis-
cussed. There are 6 figures. The most important English-language reference
is: C.Click, W.Compton, Phys.Chem. Solids, 7, 170, 1958;

SUBMITTED: April 21, 1961
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! AUTHORS: Zazubovich, S.G., and Lushohik, N.Ye.
i et e

%TITLE: Alkali halide phosphors activated by bismuth and antimony

; SOURCE: Akademiya nauk Estonskoy SSR. Institut fiziki i astronomii.

f Trudy, no. 17, 1961. Issledovaniya po lyuminestsentsii, 50-66
' PEXT: The study was conducted so as to obtain and examine spectroscopically’ 1
- alkali halide crystals activated by bismuth and antimony. The principles ;b}<
; governing the preparation of the phosphors were: small activator concentra-,
_itions and high temperatures for obtaining solid solutions of KC1*BiClz and 1
| KC1°SbCl, systems, quick cooling of the systems in order to oversaturate the!
i solid soéutions, increase in the solubility of the triva%ent activators by

| gimul taneously introducing bivalent negative ions (e.g.5°7) intended to |
: compensate the excess positive charge of the activator ions. On this basis,:
. the single-crystal phosphors KC1-Bi, NaCl-Bi, KBr-Bi and the phosphor KC1-5b:
%were obtained, using for the Bi-phosphors the Stokbarger-Shamovekiy method

,1§ , -
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;of single-crystal growth (L.H. Shamovskiy, L.M.Rodionova, A.S. Glushkova,

,fIzv. AN SSSR, ser.flzlch3 22,3, 1958) It was found that the luminescence

. ! centers in KC1-Bl are Bi ions which are effective trapping centers for

' electrons. The Sb-activated phosphors showed complex luminescence center
. §tructure. The regularltin" in_ the spectra og KCl 9rystals activated by the
iisoelectronic ions T17, Pbet 313 and In*, sn are discussed.

‘" {Ch,B,Lushchik and E.S. Tlisler are thanked for help rendered. There are 10

-figures. The most important English-language reference iss A.Douglas,
.D.Hartree, W.Runciman, Proo.Roy.Soc., 51, 486, 1955, RO

*SUBMITTEID April 27, 1961
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| AUTHORS: Lushchik, W.Ye. and Muuga, I.A.

%TITLE: The spectroscopy of crystals activated by mercury-like ions.

: II. Calcium orthophosphate phosphors
| SOURCE: ~ Akedemiya nauk Estonskoy SSR. Institut fiziki 1 astronomii.
: Trudy, no. 17, 1961. Issledovaniya po lyuminestsentsii, 67-86.

| TEXT: This paper 1s a continuation of investigations of the spectiral

;characteristics of alkali halide crystals activated by mercury-like ions,
. which were conducted by Ch.B.Lushchik and N.Ye.Lushchik from 1955 to 1960.
The present work describes the simple laboratorial me

the spectral features of a gr
vated by mercury-like ions. Calcium orthophosphate phosphors were gtudied

| because of the need for economy in cheap luminophores suitable as spectral
i transformers in luminescent lampa of ultraviolet emission A = 253.T;
185 Q/k). The results of the study wore gatisfactory. The excltation and
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1emission spectra of the impurity centers were measured at 293 gnd 190 K Z )(
' land compared with the spectral characteristics of free cet ' et y In, sntt,
{T1* and Ph't jons. The comparison permitted interpreting the electron
.xstructure of the smectra of the studied phosphors. A.V.Moskin, F.M. Pekerman .

" 'A.V.Morozova, E.Minnik:, and L.I.Karaseva are thanked for help rendered.

,There are T figures and 1 table. The most important English-language

. freference ‘is: K.Butler, J.Electrochem.So¢., 100,250, 1953,

v

.+ SUBMITTED: April 20, 1961
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Physical processees

' 61 L ]
mercury-like ions,

(MIRA 14:4)

1., Institut fiziki i astronomii AK Betonskoy 8SR, Tartu.
(Fhysphors)

APPROVED FOR RELEASE: 03/13/2001 CIA-RDP86-00513R001030920009-7"



