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FCK, M. V. and VINOKUROV, L. A.

On the Role of a Stimulating Action of Exciting Light in the
Luminescence Kinetics of the Crystalline Phosphor ZnS=Cu

L. A. Vinokurov and M. V. Fock, P. N. lebedev Physical Institute, Academy of
Sciences of the U.S.S.Re, and Moscow, U.S.S5.R.

It is shown that electrons' release from traps in ZnS-Cu phosphor by an
exciting light leads to decrease of the electron concentration on deep traps with
incresse of axcitetion intensity. After removing the excitation, the distribution
of electrons over traps gradually approaches equilibrium distribution. A flesh
under the action of an infrared light is determined mainly by relsase of electrons
from deep levels. Therefore the above effects msy be detected by measuring the
value of the flash under different intensities of afterglow and at various stages
of decay.

Report presented at the 117th Meeting of the Electrochemical Society, Chicsgo,
1"5 Hay 19&.
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AUTHORS: = Georgobiani, A.N. and.ngJ,M»I.
TITLE: Principal Peaks of Electroluminescent Brightness

Waves -

PERIODICAL: Optika i spektroskopiya, 1960, Vol. 9, No. 6,

pp. 775 - 781: '
TEXT The authors studjed ZnS:Cu:Al phosphors with 10-5
g-atom/g-mole Cu and 10 g-atom/g-mole Al. An oscillogram of
the electroluminescent brightness (Curve II) is shown together
with an oscillogram of the exciting sinusoidal voltage
(Curve I) in Fig. 1. The brightness consists of an alternating
compaeent, known as the brightness wave, and a constant component
denoted by B . -The brightness wave has a principal peak, ‘—%’
denoted by ‘A , during each half-period of the exciting voltage.
Under some conditions a subsidiary peak (6) appears in the
brightness wave; this peak is uswu ly weaker than the principal
peak. The two peaks are resolved better when:the exciting
voltage waveform is trapezoidal (Figs. 2, 3). Fig. 4 shows
positions of the principal brightness peak as a function of the
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amplitude of voltage pulses. Figs. 5, 6, 7 give the "eritical
voltage" as a function of the front rise-time of voltage
pulses (Fig. 5), and as a function of temperatures (Figs. 6 and
7). By the critical voltage the authors mean the voltage which
. empties even the deepest localization levels in the phosphor.
The form of the brightness waves showed that, at high applied
voltages, electrons were liberated primarily by electric fields.
At low applied voltages electrons were freed by collision
ionization (at low temperatures) or by tunnelling through
_potential barriers (at high temperatures). The optical phonon
energies and thé energy depths of local levels in ZnS were found
! . from the values of the critical field intensities at which
complete liberation of trapped electrons occurred. The optical
phonon energies found in this way were in good agreement with
' values deduced from the vibrational structure of the "edge
luminescence" spectrum. The level depths agreed with the donor
‘depths found from the equilibrium density of free electrons in
ZnS:Cu crystals.
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There are 7 figures, 2 tables and 15 references: 6 Soviet
and 7 non-~Soviet. '
SUBMITTED: May 26, 1960
Figs. 1l: Fige 2:
e T
i ' : : »
- — N s
: \ ; W
[ S \, \ \ N 41’ %.
I» \o \ v
o Ny Ny e N 7
] 3, : !
. B . ’2
Pre. 2.0 Ocuwisiorpudsia #procTie y
')10!(1'[)0'HOMII"OC“O"!(“" HpRe Tpanoe- 'k(
. wosiutoM  poabyskaaones  Hanps- R
Puc. 1. QcuuIorpasmit APKOCTH B LC - P
nnmérpo'uonnuocuomum () u §
: 1036y AAIOMOro uanpmie- _ - r
Card 3/’ y uun (). proe G

e

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6"



"APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6

AR £ 3 Rl /s e $33 ] ﬂ-ﬁ%ﬁbﬂ“

< e s e il

B SRR VR
T T, Ty

86265

8/053/60/072/003/002 /004
B019/8056
24,3000
AUTHOR: o Fok, M. V.
TITLE: Electroluminescence

PERIODICAL: Uspekhi fizicheskikh nauk, 1960, Vol. 72, No. 3, .
pp. 467 - 478

TEXT: In the introduction, the author briafly discusses lurireszence in .
general, mentioning Vavilov and Cherenkov. I% is known that tha$t kind of
luminescence is described as electrolumirnassence, in which the lumires. b)k/
cent body receives its energy from an slsctric field. The intarreiaticn
between photoluminescence, cathcdoluminescenss,; X-ray-luminsscenze, and
electroluminescence is pointed out, which consists in the lumincphorszs

being induced to luminesce by various excitations. The following three
questions arise when investigating slectroluminescence: 1) Where do the

free charges come from which ars accslerated in the electric fiald?

2) In what manner and where do these charges get their energy from the
electric field and trarsmit them to the luminescen:e zenvars? 3) At what
moment does de-excltation take place, and how ig it regulated? For the

Card 1/5

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6"



"APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6

8626
Electroluminescence 5/053/60/072/003/002/004
B019/B056

purpose of observing luminescence, the methods suggestsd by 0. V. Losev
(Ref.1) and Destriau (Ref.2) are described. The observation of lumines--
cence at p-n-junctions during the current passage i3 discugsed, At the
Fizicheskiy institut AN 9SSR im. P. N. Lebedeva (Irstitute of Physics

of the AS USSR imeni P. N. Lebedev) experiments on zinc sulfides were
carried out in the course of the recent five years under the supevrvision
of V. V. Antonova~Romanovskiy at the Laborateoriya luminsstsentst: im.

S. I. Vavilova (Laboratory for Luminescence imeni S. I. Vavilov). At the
same time, similar experiments wers carried cut by T. I. Vozneserskaya,
R. M. Medvedova, Ye. I. Panasyuk, and Z. A. Trapeznikova., This work is
briefly discussed and among others, V. Ye. Orarovskiy, V. S. Trofimov,
A. N. Georgobian; Ye. Ye. Bukke, and L. A. Vinokurov are mentioned, The
results of these investigations indicawvs that elestrolurineszente actual-
ly is a self-regulating process, and that this regulation iskes place

by changing the electron guantity; whisch takes par%t ir the luminescence.
The considerable increase of brightness with an increase of the gpplied
voltage is connected with an imprevemen’ of the conditions for an ac-
caleration of the electrons as well as with the increase of the number
of the electrons taking part in ths lurinescencs. Experiments carried

Card 2/3
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out on pulverulent electroluminophores, in which knowledge of electro-
luminescence is still very incomplete, indicate that apart from external,
the latter possess also internal electron sources. Herefrom it would fol-
low that brightness as a function of voltage would depend not only on
the number of electrons participating in lumineszence, but also on the
conditions of their acceleration in that crystal range, in which the
non-ionized luminescence centers exist. Finally, the importance ¢f study-
ing luminescence for solid body physics on the one hand and for technical
engineering on the other is pointed out. B. T, Pedyushin and

B. A. Khmelin are mentioned. There are 3 figures and 35 references:

21 Soviet, 4 German, and 7 US.
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Electrolumineseence, Usp, fiz. nauk 77 no.3:467-478 N ‘0.

(MIRA 16:8)

(Electroluminescence)

APPROVED FOR RELEASE: 08/23/2000

CIA-RDP86-00513R000413410011-6"




"APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6

EEO oty
P

SRR

SRR SR TR OUE I SR R IR T NI,
A e e e e T o st NENLRII Mo T

" w GROZNOVA, V.I., ved.; SVESHNIKOV, A.A., tekhn. red.
[Theory of electroluminescent image converters] Teoriia elektro-
Huminestsentnykh preobrazovatelei izobrazheniia. Moskva, Izi-
vo "Sovetskoe radio," 1961, 50 p. (MIRA 15:2)
(Photoelectric cells)
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- ‘GRORGOBIANT, A.N.; FOK, M.V.
\ . !
' Process determining the voltage dependence of the mean brigktn
of electroluminescence, Opt. i spektr., 10 no,2:188-193 P %21. oo
. (MIRA 14:2
(Xuminesocence ) 1:2)
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Role of the stimulating action of excitation light in the kinetics

of the luminescence of the orystal phosphor ZnS-Cu, Opt, i spelctr,

10 n°02&225-231 F !610 MIRA 143‘2)
(Phosphors) (Iuminescence)
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B 2 VINOKUROV, L.A,; FOK, M.V.

Determining the depth of electron traps in 7nS vhosphors by

the flash ocourring under the action of infrared light, Opt.i

spektr, 10 no,3:374-378 Mr ‘'€l, (MIRA 14:8)
(Electrons--Capture) (Infrared rays) (Zinc sulfide)
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Dependence of the phase of brightness waves of electroluminescence

on the parameters of the exciting voltage. Opt.i spektr. 11

no,1:93-97 J1 161, (MIRA 14:10)
(Iuminescence)
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AUTHOR: _Fok, M.V.

TITLE: On the relation between the blue and green
luminescence bands of ZnS-Cu under electroexcitation

PERIODICAL: Optika i spektroskopiya, 1961, Vol.1ll, No,l, pp.98-104

TEXT: An approximate theoretical calculation is carried out for
the recombination interaction between the blue and green
luminescent centres of ZnS-Cu in the presence of an alternating
electric field, It is shown that the field markedly complicates
the observed phenomena. The author had previously shown that for
optical excitation the ratio of the brightness of the blue and
green bands is determined by exchange of holes between the blue and
green luminescent centres. In the present work the individual
crystals are assumed divided into three regions under the action of
the field. In the first region there is a space charge, the
centres being ionized and the electrons dispersed. In the second
region there is hardly any field but there may be many ionized
centres created in the preceding half period of the alternating
field with which the electrons from the first region recombine,

These two regions change places in the succeeding half cycle and
Card 1/13
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give rise to the alternating light component whilst the centre
region, in which there is no field and few ionized centres, gives
the constant component. The field tends to remove holes from
region 1 to the boundaries and inhibits the hole transfer between
centres, In the second region the transfer is inhibited by the
presence of free electrons. The third region is neglected as its
contribution to the total luminescence is small, A system of
kinetic equations is set up for the first two regions noting that

the final conditions in one region provide the initial conditions
when this region alternates with the other region. In region one
recombination of electrons with the ionized centres is neglected
because of the high electron energy and small effective
recombination cross-section; also the hole concentration is taken

as constant. In the second region both electron recombination and
variation of hole concentration with time must be taken into account,
but the electron concentration is assumed constant as they enter from
the first region., Expressions can then be obtained for the
concentration of ionized blue and green centres as a function df

time and the ratio of brightness of the bands calculated in terms
Card 2/3
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of trap parameters. The complicated expression is then

3implified for particular cases. Thus for small excitation
intensities the ratio of the blue to green intensities is the

Same as for photo excitation. Inserting parameters previously
evaluated from photo excitation experiments (Ref.,l: Opt. i spektr.,

2, 475, 1957) the expression can be simplified and it is seen that
the ratio of intensities at large excitation levels is frequency
sensitive but almost independent of excitation level in accordance
with the observed behaviour. By comparison with the observed
frequency dependence ratios of recombination level parameters are
estimated and it is deduced that the presence of the field increases ;
the probability of hole liberation by 5 to 6 orders, The theory -L~__
cannot, however, be regarded as established because of the \/
approximations, the lack of independent checks on parameters and
comparison with experiment has only been effected for one sample,

Ye .Ye .Bukke made available some of his experimental results,

There are 3 figures and 5 references, all Soviet,

SUBMITTED:
Card 3/3
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24,3580 (,/33') B125/B102

AUTHOR : Fok, M. V.

TITLE: Electroluminescence

PERIODICAL: Uspekhi fizicheskikh nauk, v. 79, no. 2, 1961, 259-261

TEXT: This is a condensed report on a lecture delivered at a seminar
meeting of the Fizicheskiy institut im. P. N. Lebedeva AN SSSR (Physics
Institute imeni P. N. Lebedev, AS USSR) on March 28, 1961 in memory of

S, I. Vavilov. The main part of this lecture was published already earlier
(Uspekhi fizicheskikh nauk,; V. 72, no. 3, 1960, 467). According to

A. N. Georgobiani and M, V. Fok (Optika i spektroskopiya 9, 775 (1960);

10, 187 (1961)), the greatest depth of electron traps involved in ZnS
electroluminescence is ~ 0.7 ev. The total number of electrons accumulated
in the traps and migrating in the crystal is determined by the tunnel
effect at all temperatures. These electrons originate either from the
conductive phase (e.g-, Cu,S on the surface of crystallites) or from the

7nS lattice itself. A strong electric field is capable of liberating both

Card 1/2 X
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electrons and holes r'rom the traps. According tc M. V. Fok (Optika 1
spektroskopiya 11, 98 (1961)), the frequency dependence cf the ratic of the
intensity of the blue band to that of the green band is due to the effent
of the sleciric field on recombination. The yield can be increased beth by
lovering the concentration of radiationless recombination centers and by
increasing the probability of hole trapping by luminesacznce centers.

A. M. Bonch-Bruyevich et al. (Optika i spekiroskopiya. 11, 87 (1361))
carriad out microscopic examinations of orightness wnves 1n blue and green
luminescence hands on excitation by square pulses., When the external
electric field vanishes, the liberation of electrons from traps and thair
flow into the region of highly concentrated ionized luminescence centers
are :nterrupted. No such phenomenon occurs in the blue band. This
discrepancy, which becomes distinct at pulses shorter than 30 psec, is due
to recombination interaction of luminescence centers and can be explained
by V. V. Antonov-Romanovskiy’sdiffusion theory of luminescence (Trudy FIAN
2, vyp 2-3, 157 (1943)). T. P. Belikova and M. D. Galanin (Izv. AN SSSR,
ser. fiz. 25, 364 (1961)) found different attenuation rates of blue and
green vands in one and the same interval even 1f a spark of very short dura-
tion was excited by light or alpha particles. There are 7 Scviet references. )(
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AUTHORS : Vinokurov, L.A,, Fok, M.V,
TITLE: The final stages of the build-up of the blue and ;

green luminescence bands of ZnS-Cu, Cl phosphor
PERIODICAL: Optika i spektroskopiya, v.l3, mo.l, 1962, 118-123 -

TEXT: Kinetic equations for the build up of the blue and green
luminescence bands in ZnS-Cu are set up and a theory developed on

the basis of recombination interactions in luminescence centres.
Experiments were pgrformed on the phgsphors: ZnS-Cu (10-° g/g eq),
NaCl, 2ZnS-Cu (10°° g/g eq), Co (1O ¢/g eq) and four samples _ .
of go-called self-activated ZnS phosphors; these rely on a very l)/
small amount of Cu impurity for their luminescence. All the

data presented refers to measurements at room temperature.

Curves are plotted for log (1 - I/Ic) against time for the blue

and green bands; the distance between them is esqual to log §,

i,e, if E is constant the curves are parallel, When the

excitation proceeds in the presence of infrared light the build up

Caxrd 1/2
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The final stages ... E039/E420
is faster. This is due to the increased probability of freeing JY
electrons, % in three cases has values between 2 and 3.5 which

compares with the proedicted value.- In the case of self activated
ZnS the blue and green bands build up at the same rate, It is
suggested that this is caused by a weakening of recombination
interaction at luminescence centres, Variations in the values

of £ obtained experimentally are thought to be due to non-
uniformity of the phosphors. In general, the build-up of intensity
of the blue and green bands follow different laws only in the
initial and middle stages, and follow the same law as they
approach equilibrium, Further experiments are required using
samples prepared under different conditions: in order to check the
extent of the validity of the calculations for self activated. ZnS,.
There are 4 figures. ? :

SUBMITTED: June 7, 1961
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AUTHORS : Georgobiani, A.N., L'vova, Ye.Yu.,‘f}ﬁg,lL!;__
TITLE: Absorption of energy in electroluminescence

PERIODICAL: Optika i spektroskopiya, V.13, no.4, 1962, 564-568

TEXT: Measurements are made of the energy absorbed from the
electric field applied to an electroluminescent condenser when a.
sinusoidal exciting voltage is used. These measurements are of ]L

importance in the study of processes occurring in luminescent
materials and are of practical value in determining the usefulness

of luminescent materials as light sources. The current waveform
produced by the applied sinusoidal voltage is markedly
non-sinusoidal. Instantaneous and average values of the power

absorbed are obtained by means of a galvanometer oscillograph
method and the average values are compared with values obtained
by means of bridge measurements. The accuracy of relative power
measurements using the oscillograph is 5% and for absolute values
12%. The minimum value of power measured is 0.008 mwWw for 50 V
applied ‘and the maximum 1is 100 mW for 1000 V applied. The power
waveform is also nonsinusgsoidal and the nonlinearity increases with
Card 1/2
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increasing voltage. The ZnS-Cu,Al as well as the ZnS-Cu from
two other sources used all contained chlorine and were in layers
0.03 to 0.04 mm thick. Measurements were made at room
temperature using a 50 cycle voltage supply. A ODY 19 (FEUG 19)
photomultiplier calibrated against a thermopile was used for
measuring luminescent energy yields giving a relative accuracy of Jk
6% and an absolute accuracy of 30%. As the voltage is increased,
the electroluminescence yield passes through a maximum ~1% of
the absorbed power for voltages of 200 to 275 V, comparable for
all the phosphors. The bridge method gives a value of the yield
some 25% lower than that determined by the oscillograph method.
Maximum light efficiencies are 8 to 9 lumens/watt. The results
are compared with theory and good agreement obtained. There are
4 figures.

SUBMITTED: July 21, 1961
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2250 E039/E120
- AUTHORS: Fok, M.V., and Fridman, S5.A.

et et
- TITLE Relation between the rate of decay and the luminescence’
. yield under strong excitation

. PERIODICAL: Optika i spektroskopiya, v.13, no.6, 1962, 869-871

! TEXT: The introduction of ‘a quenching agent to accelerate the

' initial phosphorescent decay produces a.reduction in the initial
intensity, Tests are made to’ determine a quantitative connection f
between the rate of decay and the luminescent yield. The initial v

decay is determined not by recombination but by the transition of

electrons from deep traps. This reduction in intensity follows an

exponential law: :
_ °1"’2Tt

1 =1Ie °1°*°02 (1)

where &) and bp are the probabilitieh of trapping electrons in
deep and shallow. traps. The luminescent yield n from a phosphor
with two types of trap is given by:
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'Relation between the rate of decay,.. gégg}ég26013/006/019/027

. 1
o= . (2)
L. Pa¥oy  Pi¥o,
| Bwlb B}Jab
where [ and p) are recambination coefficients of free electrons ;
and holes; & is the probability of trapping free holes; Wi + Wo 17
and W are the probabilities of liberating electrons from deep -

and shallow traps, and holes from ionised luminescence centres.
From this the following expression is derived:

. BW,6 Wi\ (Wont v
_'_‘___z(_l__+_-i 20 (3)
Mo = 1 PiWeo = Wo /\log n .

where 1n, is the value of n at & = 0, i,e, without a quenching
agent., This is veritied experimentally using zinc sulphide and

zinc cadmium sulphldes. There are 2 figures,
SUBMITTED: June 4, 1962
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AUTHOR: Fok, M, V.

TITLE: Particularities of luminescence under the action of an
electric field

PERIODICAL: Akademiya nauk SSSR. Izvestiya. Seriya fizicheskaya, v. 26,
_ no. 4, 1962, 463 - 467
TEXT: By way of introduction it is noted that thermal radiation and
luminescence are statistical phenomena. A heat-emitting body is in
thermodynamic equilibrium, but is not when luminesoing. This difference
makes it impossible to distinguish the various kinds of luminescence from:
other types of lightemission. It is shown that photoluminescence differs:
from light scattering only in its duration. In the first stage of "
electroluminescence, excitation energy is taken from the electrie field.
In the second stage there occurs de-excitation which is called photo-
luminescence. The electroluminescence of solids has much in common with
that of gases. In both cases, electrodes may be the sources of electrons,
which may also lie inside the substance. Arc discharges may also take
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Particularities of luminescence...

j
5/048/62/026/004/004/014 - -
B104/B102

place in solids, in which vase luminescance ig not produced by heat, ,
Space charge, elootric field strength, and the course of discharge are of .

great importance for electrolumineacence.

vetween the electroluminescence in gases and that in solid

The most essential differences

are as follows: (1) Solid semiconductors possess two types of highly
mobile carriers (holos and electrons), whereas gases have only one type

in gases, Eleotrolumineecence is clussifieq according Lo the king of
electric discharge, The results obtained for one object (powdered semi-

conductor) should be extended to another object (single orysta) of the

‘Same semiconductor) with great carg
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Forbldden band with and effective charge in the crystal lattice of
ZnS, Chekhosl fiz zhurnal 13 no.2:99-102 '63.

1. Physical Institute, Academy of Sciehces of the U.S.S,R., Moscow.
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*ACCESSION NR: AP3003416 — $/0051/63/015/001/0095/0099 -

! AUTHOR: Georgobieni,A.N.; L'vova,Ye.Yu.; Folk, M,V.

TITLE: - Tempernture dependence of the alectroluminescence yield 5525 S ;-‘

»

SQURCE: Optika { 8pektroskopiyu. v.15, no.1l, 1963, 95-99

TOPIC TAGS: electroiumlnescenco, ZnS~Cu-Al phosphor

. ABSTRACT: -Earlier the authors (Optika i spektrokopiya,13, 554, 1962 and Ibid.,9, .

775, 1960) investigated the voltage dependence of the electroluminescence yield

of ZnS:CutAl phosphor filled capacitors. In the present work, using the same ex- .

perimental technique (deseribed in the first reference) they investigated the tein! I

perature dependence and the voltage dependences at different temperatures of the

- electroluminescence of the same phosphors. The phonon mechanism is considered.
Curves for the energy absorbed .by the phosphor-filled capacitor as a function of. ;
the voltage for T = 114°K and 400K are given; as are plots of the electrolumines- .. [
cence yield versus voltage at 114, 294 and 3999K, and absorbad energy, electro- !
luminescence brightness and yield as a function of the temperature (see Enclosure SR
1). The authors arrive at the following empirical formula for the brightness: I S
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. AUTHOR; Voznesenskaya, T.1.; Fok, M.V.
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f'I‘ITI.E-A Ornnge ZnS-Cu gtosphor prepared by an e1ectroly1 ic procedure .
r

OURCE~ Optiku 1 lgpell

TOPIC TAGS: phosphor aynthesie, ZnS Cu'CI, zino Bulfide _ , o
x S ,'»g .

HIABSTRACT: The eleotrolytic technique for preparing phouphors has the ndvantage

i that 1t allows of introduoing - a single type of impurity ions, which is important

i for studying lumninescence centere. The electrolytic tea.hnique wag first employ

akopiyn v.15 no. 2 1988 240-252

b
l}
it
i
(
i
1

. ! phors without ‘1, It consisted of the following: luminescenoe pure ZnS, treuteqi.f,-u
. beforehand m.hydrogen sulfide at 800°C to eliminat zine sulfate, was loaded int

;Tthe Enclogsure); a $ mm thiak 'plug" -of previously prepared green-luminseing ZnS-Cul.:'.
! (10-4 g/g) , C1 or a batch‘of £lux-free ZnS-Cu (104 g/g) mix was packed in the cen-' 4
'ter of the main charge (3 in Fig 1 a). The whole tube was then placed in a quartzzl

B T R o ¢ e
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test tube from which the uir &naa displaced by dry and oxygen—tree argon, and thez
i whole assembly was heated in @& furnace to 1060°C for 12-15 hours, while passing a

cusrent between the electrodes. The initial current was 2 mA, but thisgradually

} 1ncreaaed to 8 mA, For control- purposee a similar specimen was ‘prapared without::
-passage of current, - The spoecimens prepared with passagd of curron® 1um1ncsced.;ﬁ
! orange band (2 mm or moxre wide, depending on the heating time) appeared near the'l
“cathoda.  The’ "plug" .did not luminesce, The zinc sulfide at the anode luminosce d
blue, when: tho' 'plug” “contained NaCl flux, The control specimen did not exhibit. :
I tnis behavior.  The lumiuoscence spectrun of the ZnS-Cu varied somowhat, depending ‘
1, on the electrolysis time. A number of variant experiments were performed. ' In ad- -
. 'dition to studying the luminescence centerg formed by diffusion, the authors 1“'? i
- yestigated the trap depths (the orange phosphor has few shallow traps). The eft&ﬁ»'fi?
~1 of oxygen was also atudied. The question of the chemical structure of the phos:-i

" phors remains open, but the experimental results suggest that while ‘formation of
green ‘gcénters 1s connected with the presence of lattice defects, the Iormation og* e
.oranga centers 1s not. Orig. art. has; 3 figures s and ), table. l{f 73 :‘1;

0
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AUTHOR- Georgobiuni AN, ¢ L'vova, Ye.Yu., ng. M.V, ;
wb«mum‘&ur

TITLE' Rolation botWaen the phnses o! the curront, power absorbed and brightneaa

i in electrolumineacence '}\ : L ;

S : f M N

o ‘SOlmcI:- Optikn 1 spektroskoptyn, v.ls, no.2 1963 266-268

o .TOPIC TAGS- eleotrolumlneaconce ' brightnesa wavae., lumiu%cent oapacitor a

§ABSTP\AC'r' Tha authors. investigated the same electroluminescent capacitors as ear=.
“1ier (A, N;Georgobiani and M.V,Fok, Opt. 1 spoktro., 9, 745, 1960) using a circuit’
, with and without a compensating capacitanoe. The luminescence was excited by a 50
;e cps ‘sinusoidal voltage V- at room temperatura.

._7:'. i pacitor and thae brightness B of the emitted electrolumhesoence. A typical -group
«:.: of oscillograma is shown in the Encloaure,
i ‘undor different conditions (mainly changes in compensating capacitance altering the
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o A loop oseil‘ograph was used to re=-
Qb cord tho instantancous values of V, the current I, the power W absorbed by the ca-’

Analysis of the oscillograms recorded -

phase difference between the voltage and current) :lndicates that the relation be-‘ ’
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‘sntisfnctorily with the aid of the concepts rogarding:the kinetics of eloctrolumi- .| .
! -inascence proposed in earlier papers by the authors (above reference, A.N,Georgobia=-|
| ini an¢ M.V.Fok. Optk i spektro.,11, 93, 1861, and A.N.Georgobiani, Ye.Yu.L'vova and
“MJV.Fok, Ibid.,13, 564, 1962): electrons are roleased primarily in the rogions of .
{mnximum field, which are located in the immediate proximity of the electrodes: elec-
it¥oluminesconce appears when these eiectrons arrive in the region of high concentra-
‘tion of ionized centers, In line with these concepts tke brightness must attain
’its peak value before the current does, which is borne- out by the experimental
‘curves. Orig.art. haas 3 fomulas and 3 figUres.
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. R RAATE K
TITLE: Dependmce of luminescence brlghtness in ZnS-Cu, Co phosphors on Cu and Co !
concentration =27 \,7 I "
. : ) ) ‘U’) . .
SGURCE: Optika 1 spektroskopiya; sbornik statey.[ Ve 1t ILyuminestsentsiya. -
. Moscow, Izd-vo AN SSSR, 1963, 263-267 :

. H . * 1
- . TOPIC TAGS: 1luminescence, brightness, excitation, activator

" ABSTRACT: A study has been made to determine the experimental verification of a . i..
-theoretical prediction in which luminescence brightness is considered proportional ;
‘to the excitation intensity. The luminescenge brighbness of several thin layers
. of luminophors with Cu concentrations of 10~° to 10-° gm/gm and Co concentration
of 0.3X107! to'10~ gm/gm were measured in a region where the theoretical assump-.
:tions were considered valid., The ZnS samples contained NaCl melt and were LOpa
. thick., The test was carried at 140C, The average standard deviation of the
measured brightness from the calculated values was less than 13%. Orig. art. has: -
11 formulas, 1 figure, and 1 table.
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" AUTHRS: Vinokurov, L..A. ; Fok, M. V. : SN ]
"i_ _ ? ? » > . ; ) . ){E \ v
' TITLE:! Initial stages of luminescence rise in 2n5~Cu, Co phosphors oy
"8 i n T " a
D ! A ~1
¥« SOURCH: Optika i spektroskoplya; sbornik statey, Z/. 1:  Lyuminestsentsiya,
. - Moscow, Izd-vo AN SSSR, 1963, 265~289 ;-

-
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3 ; TOPIC TAGS: g luminescenca, ’iﬁflection point, I,'i;xfrarad » excitation

. 1-ABSTRACT: A study has been made to determine the causes leading to the disappear~ !
- i ance of the inflection point on the luminescence rise curve of ZnS-Cu, Co under
- high intensity excitation., The effect of infrared excitation at energy levels of !
710435, 2.2, 210, and 770 ev on the S-shaped curve of luminescence grasth.was | !

!'studied in detall, It is shown that at low excitation levels the inflection point .
- i disappears, But it is further emphasized at higher levels, A schematic of elec- |
.- tronic transitions is proposed (see ‘enclosure) and a necessary and sufficient '
:; condition for the existence of an inflection point is derived:
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!where o§ is proportional to eycj.t.ation intensity; W= probability of releasing

. holes; (see Enclosure 1 for remaining terms).

The mthors contend that tha

S-s‘mpe conld be explained on the basis of.the proposed band-schematic of one

.y electronic and oné p-type (holn) level,
-i figures,
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[Introduv.tion to t.he kinetics of the luminescence of crystal
phosphors] Vvedenis v kinetiku Hucinestsentsil kristallo-
fosforov, Moskva, Izd-vo "Heuka," 10¢;., 283 p.
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AUTHORt Duldka, Ya.Ye.} Vinokurov, L.A.; Folk, M.V,
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TITLE: Role of holes in the kinetics of clectrolumincscence of ZnS-Cd,Al,Cl phos= :
“phors

SOURCE: Optika i spektroskopiya, v.1i, no.3, 1064, 491-493

TOPIC TAGS: electroluminescence, light sum storage, hole trap, zinc sulfide phos-
phor, hole migration, infrared stimulation, luminescence decay

" ABSTRACT: It was demonstrated in an earlicr investigation by one of the authors

" (M.V.Fok, Opt.i spektr.ll,98,1961) that in the process of electroluminescence of

. phosphors the electric field releases, with high probability, holes from ionized :
luninescence centers located in high field concentration regions, and that the holes.

- move towards the surface of the crystal. Accordingly, the present study was under-

. taken to determine whether holes that have emerged to the surface participate inthe -

. radiative recombination. The procedurc was based on comparing the decay curves and .
the flare~up (stimulation) of emission by infrared after photo and electric excita~,

; tion. The values of the electric ficld and oxciting ultravislet were sclected so

1
H
i
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zhat the mean brightness in the steady state would bo the same. The chosen cxcita-
ion wavelength was 365 mp to insure uniform excitation throughout the volume of the
crystal. The experiments were performocd mainiy with a ZnS:Cu:Al:Cl phosphor, which -
was capable of storing a large light s and which was investigated earlier {V.V.
Antonov-Romanovskiy,L.A,Vinokurov and li.V.¥ok,0pt.1 spektr.16,272,1964). Some of the'l -
experimental data are presented in the form of curves. Analysis of the data indi- -
cates that under electric stimulation there forms a “reservoir" of holes, that is,
that under the influence of the exciting electric ficld part of the holes cmerge to
the surface from the depth of the crystal, and then the holes migrate back into the
volume of the crystal during the pericd of the afterglow. Also observed was an aging -

effect: the flare-up under infrared stimulation of = {reshly prepared electrolumin-'
escent capacitor is weaker than that of a capacitor operated repcatedly for several.

hours; this is attributed to formation of additional hole traps. Orig.art.has: 4
figures. . '

i
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FOK, M.V,

Concerning the discusaion on the quenching of the luminescence
of solutions., Opt. 1 spektr. 17 no.5:804 N 'é/,

(MIRA 17:12)
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TOPIC TAGS: Ilunminescence, Iumiregcence phenomenon, crystalline phosphor, exciting
light, light sum sccumulation

" ABSTRACT: This paper pregents data on exeiting light and its stimulating achion

in phosphorescence rhenomens in erystelline phosphors. The stimulating astion of
ex clting light is used to explain 1) the limitation of light sux accumulation at
o imited (ncrease in excitation irtensity, <) the dependence 37 wre iwcrrzilated
Llenosmmo Jimit on the wavelengih of exciting iight, ) uhe lecrenc- . ci2cirum
+ o .oxntion in deep traps with cooling or with inoresning ex-iwa': & aul o *he
cmbinens efficiency with Incrasns oo cgoita o
'am'no*‘.zr of decay curves o soow ;i‘..as;!: T e

snensities can also be explained by ¢ stimulating st
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The intersection indicates that in later stegee of decay the light sum mccumulation

11 mosphors following weaker excitation is larger than after :"0“,?‘31" excitatiom,

e eiper.oumental datse on light sum accumulation in a sLm;lL rhosphar Aare gtven,

1t ¢ =xplanation is accomplished with the aid of a phraphor mode v nlre S
: ~.ectron traps and one kind of iight center, ,rL;. AT o Tormaias

CLoares,

-~ +2 T7TTOR: PLR. Lebedevy Pnysical Institute sof the Academy 2 Tolenca: o tne
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VREDEN-KOBETSKAYA, T.0.; GEORGOBIANI, A.N.; GCLUBEVA, N.P.;
GRIGOR'YEV, N.N,; ZHEVANDROV, N.D,; MORGENSHTE:N, Z.L.;
PETUKHOVA, M.S.; RABINOVICH, N.Ya. Vi
KHAN-MAGOMETOVA, Sh,D,; ANTONOV-ROMANOVSKIY, V.V., doktor
fiz.,-mat. nauk, otv, red,

[Luminescence; a bibliographic index for 1947-1961] Liu~
minestsentsiia; bibliograficheskii ukazatel', 1947-1961.
Moskva, Nauka, Vol.2. 1964. 378 p. (MIRA 18:4)

1. Akademiya nauk SSSR. Sektor seti spetsial'nykh bibliotek.

§
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AuTmokr ¥oznesenskaya, T. I.; Fok! H.

TITLE: On the nature of red lminescence) in Zn8-Cu phosphors { -
SOURCE: oOptiks i spektroskopiya, v. 18, no. k, 1965, 656-660

TOPIC TAGS: czine sulfide optical materisl, luminsscence, acceptor Jlevel, donor
ievei, luminescence center

ABSTRACT: This 15 a coatinuation of earlier work (Opt. i spektr. v. 15, 249, 1963)
on crange-glow Zn8-Cu phosphors, ‘n which the red luminescence centers wvere at-

= :~e! *~ doncr action of Cu. To check on thig aasumpt'on. “he authors !imvesti-
“n2 rresent regearch the tempereture dependence »f *the ~ondurtivi'y of
- and a.80 the gresn-glowv phospho~s :whaere 26 - per © —me a ceptaor
i VRS

728,  The measLcewmest i e - one v Y Ca

- . coewn

R T, -
<tc smi Cae tegnerature dependence of LEke orange Dhozphor o"Tserae eyiienca 9 iE-
w- vy coanductivity. To cheek vhather the conductivity s produced vy holas or
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by elactrong, the authors compared the kinetics of the red luminescence, on gne
mand. and that of blae and green luminescence on the other. The results indicate
©axr sne vpd jyminescence occurg only in the pregence of free holes that can re-

A a-*vong at . A aV donor Leve.a, thus offTer ng :v‘tan~= ‘3 “svar of
"L o1n 97 LDe copwper. Urig. art. nas;  t figuras

352 TATIOZt  Fone
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» AUTHOR: Eoka M. V. _ ‘ o
TITLE: Energy yield and mechanism of electroluminescence 2 6

SOURCE: Optika 1 spektroskopiya, v. 18, no. 6, 1965, 1024-1030

TOPIC TAGS: electroluminescence, recombination luminescence, radietive recombin-
stion, semiconductor ‘band structure, impact ionization, tunnel effect

ABSTRACT: ' Three possible mechanisms for excitation of electroluminescence are con- " -
sidered: 1) impact fonization (or impulse excitation), where the electrons (or )
holes) which are accelerated in a strong field acquire sufficient energy for ioniza-| =~
tion (excitation) of luminescence centers or for ionization of the basic lattice o
(i.e., for transfer of electrons from the valence band to the conduction band; 2) the .
tunnel effect (Zener effect), where electric field-induced electron emission takes
place from the luminescence center levels or from the valence band to the ccnductionI A
band; 3) injection of minority charge carriers through a p-n junction connected in - .

L )
\Cord 1/3
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the forward direction, where the electrons in the n-region and the holes in the p-
region travel toward each other and give off radiation as they recombine after meet- °
ing in the junction region. Only the third mechanism gives a high electrolumi- L.
_|nescence energy yield, -The greatest efficiency in this case is reached when the ap~ - '
Iplied potential difference in volts is equal to the width of the forbidden-zone -in
the semiconductor in electron volts. The reason for this is that each electron-hole
recombination precedes transferrence of a charge equal to that of the electron b ;
throughout the entire impressed difference in potentials. As the voltage is in-" | .
creased past this optimum point, the brightness of the luminescence increases while !
efficiency decresses; since the energy of the emitted quanta depends only slightly
on the applied potential difference., For this reason, the area of the luminous sur- i
face must be increased instead of the brightness in order to increase the luminous gv !
!
t

flux. The most efficient devices for this purpose would be electroluminescent capa-
citors made up of a thin sublimated layer of an electrophosphor coated on both sides:
with dielectric films a few molecules-thick, i.e. of the order of 10 R, placed be-
itween a metal electrode and a conducting glass plate and operating at an a-c or d-c .. _ W
ipotential of the order of-a few volts. The phosphor should have a base with an ab- } ’
isorption edge on the border between the visible and ultraviolet regions; i.e.,the |
. lwidth of the forbidden zone should be about 3 ev, since a wider forbidden zone

-
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causes an unnecessary increase in the energy used for creating free electrons and o
holes, and radiation in the blue portion of the spectrum would be impessible with s
& narrower forbidden zone. Orig. art. has: 2 figures. [1k]

. [ASSOCIATION: none : ' ,
SGUBMITTED: OlMay6li ' ENCL: 00 SUB CODE: OP, 88 |

NO REF 80V: 000 - OTHER: 002 ATD PRESS: #067

3

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6"



"APPROVED FOR RELEASE: 08/23/2000 CIA RDP86 00513R000413410011 6

E ST P L AT e o 22 g }‘:s%‘s&"ﬁﬁ&%‘ FELMUEARS

S S

T sf current Dy 20 :
- s
- -y - e - 1 - >
ERRI & B Dot 3NN ULENNE S g T

The eleciToluminescence intensity was given by & similar 2ormul
=il er value of the constapt B. Xo rectification sccur

f ghotol.minescent Luz
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hi ’éct is discussed briefly. THe ireqx.ancy uepémancrs‘-u‘a*eetlfiné—e‘.-
cistance
rea—oduced by an equivalent circuit ccnsi tipe of & coastant resistance

2 ~cpmtart canacitance shurn.ocl Lo
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AUTHUE
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TTTTE . Ter perature dependence of the rectiflied current of &n electro-

lupineacent capacltor

[«

57 tCfr Zhurnal taekhnicheskcy fiziki, v.35, no.6, 196%,

IR
'-ﬂtrﬂh‘mnescenge tunnel effant,

al
Lo, -tification, zinc sulflice
. - Ths ractifiad in an electrclue
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theory of L.V.Kledysh (ZhETF 34,962,1958) conceming the rols of pho-'
nons in tha production of electmn-hole palrs bv & strcngs alazctric
R In the invegtliszated temperature rarsg Wl emt limteed oy
IR .‘..(-no‘wn-,n n“ Ltetal .r.:—,s;rw.av,,~-§~-~ ) -.--n-‘ﬁ.‘
el e {u:t-n-:~:;v' o
o4 st g\-'-‘ v syt . .
Tnis value of the electric field is in agreemenu with the deta of A,
Tavialdl and E.Guereigh (C.R.,257,N0.4,952,19343° on “he moonetie
== of electrolumin2scence, but {t alniradiers cns c3tiratas of
iy th.i SL‘:htI‘LL_LAu_‘L;‘E-B,‘ LNl AL L o LI ST,

S 1Y —f‘-\[ that ¢

t-och c £y deplstiop bar riﬂ 3, B A SO
b a harrier is 10°Y em and the 2op:
T3 creducing 1t is of the order of 10

<+~ s snelr gratitude to g*yaﬁelazsh for a num.er o
-+~ ilscussion of the results. LIt ertos s
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1 . Lz uny vy
TITLE: - Frequency dependence of the current rectified by an electroluminescent

__| capacitor
SOURCEf Zhurnal tokhnicheskoy fiziki, v. 35, no, 11, 1965, 2065-2068

TOPIC TAGS: electroluminesconce. semiconductor rectifiex, frequency chnracteristic. _
“tunnel offect, oetaie cCumtrnt 041’-0.(‘,(. : » .

ABSTRACT: The authors have continued their earlier investigations of the current
2 _rectified by electroluminescent capacitors (ZhTF 35, 762, 1139, 1965)., The rectified| K
5~ | current I was previously found to be givenl}n tergs of the applied voltage U and the
frequency £ by the quntion I = C exp(-p/Ut %)/ (Re/1¥), where C, £, and'p are con-
stants, The factor R /1 has previously been identified with the resigtance of the
barriers in the heterogeneous layer., Measurements at a number of .different audio
frequencies and at potential voltages from 25 to 160 V :have now revealed a {requency
e dependence of the parameters. The measurements can be represented, except at the
highest voltages, by replgyéng g in the above equation with By + k log f, or by

en'} replacing p with p, - x/U s Where B, k, and pg are constants. The signiiicance
J | LCord 1/2 UDC:535.376
- - - - - - - /’: - .
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1 of these results is diséussed briefly. This discussion involves a relation (not
{ I given) between the field intensity within the barrier and the temperature T, below
| which the number of pairs produced by tunneling is not temperature dependent, derived

. by L.V.Keldysh (ZhETF, 34, 962, 1958), and previous measurements at 50 Hz of T, by . .
: the authors (loc,cit,supra). It is concluded that different fields are responsible oot
] for current rectification and for electroluminescence, and that the field responsible :

for current rectification is the smaller of the two and is the only one of them that
is frequency dependent. This difference may be associated with the fact that a
potential drop of 0.4 eV/sic/ is required for transmission of current, whereas about
: '3 eV are required for ionization of the luminescence centers, The authors thank
R - 0.A.Toropova for assisting with the measurements. Orig. art, has: §:formulas and

=

3 figures, 7
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I AUTHOR: Bukke’ Ye. Yeo’ Vinolmrw, L. A., Fok, M. V.
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ORG: none ™

TITLE: Band scheme describing the kinetics of photoluminescence of BiC
SOURCE: Optika i spektroskopiya, v. 21, no. 4, 1966, 449-is55

TOPIC TAG3: photoluminescence, silicon carbide, exciton absorption, recombination
luminescence, radiative recombination, light excitation, tenxpera‘bure dependence, semi-
conductor band structure it

ABSTRACT: The purpose of the investigation was to ascertain the degree to which SiC
doped with nitrogen is governed by the exciton mechanism and what the contribution of
the recombination luminescence is, and if the luminescence has a recombination chax-
acter, to ldentify the centers in which the radiative recombination takes place, ‘-~
Several crystals of n-type 8iC were investigated, containing nitrogen and unknown
acceptor impurities. When excited with 3.h-ev quanta (365 mn) » these crystals had
weak orange luminescence at room temperature, which became stronger at 77K, when an
additional blue band appeared. The effect of excitation with infrared light (hv = 1
ev), and the dependence of the brightness on the temperature and on the nitrogen con-
centration were also investigated. The observed small luminescence yield and most.of
the observed phenomena can be explained if it is assumed that the recombination is by |
two different centers, both of which are acceptors but have different chemical nature.

Card /2  UDC: 535.37: S48.0
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.The fraction of the exciton luminescence in the blue band is estimated at 10 .- 50%,
and it is concluded that there is no excited luminescence in the orange band. The
data do not exclude the possibility that all of the luminescence is produced by the
recombination mechanism. There is no evidence in favor of assuming that the recom-
bination centers are dononrs, and that nonradiative recombination of free holes with | -
electrons occurs. The authors thank M. B. qumn for aupp]ying the crylta.h 4 arig.
art. has: hﬁgm'uunltmmh ;

(o cons 2 oo oty o o w2

TIRE e SR T L

i

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6"



3G]

© v L 26488266 EAT(1)/EWA(R) L
ACC NRi AP6013067 SOURCE CODE: UR/0048/66/030/004/0620/0627

oy

AUTIIOR: Kylasov,V.A.; Lyamichey, I.Ya.; Orlov,I.N.; Pershin,G.G.; Peterimov,9.V,; 7/
Tﬁborko .Nt 1. H 0O, . 5

'
!
i
t
|
i

ORG: None : ’ i .
. e
TITIE: Problems involved in the development of electroluminescont indicators and ima o'
iconvgriars ,_/_'Report. Fourteenth Conference on Luminescence held in Riaa, 16-23 September |
1965/ o . ‘
o i

+

SOURCE: AN SSSR. Izvestiya. Seriya fizicheskaya, v. 30, no. 4, 1966, 620-627

TOPIC TAGS: real timo data display, image converter, electroluminescence ) lo/«ufbéoav/
@em‘ﬂ:w .Afo e mwd Al , Contaol ecicant

TRACT: The papor is dovoted to a general discussion of the problems involved in
develoment of electroluminescent display screens (matrix screens) and eloctro-
luminescent converters of visible and x-ray images. In conjunction with the screens
it is indicated that current research is aimed at increasing the peak brightness of
electroluninescent phosphors (important because the average viewing brightness is a
function of the maximum brightness multiplied by tho excitation time of a screen
elemont and divided by the interval between successive activations) and development of
means for realization of information storage on or for the screen. Approaches to
enhancement of brightness are ioprovement of the composition of phosphors and electro-
forming, which involves application of an so or do potantial to the electroluminescent
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capacitor while the binder (paraffin) is solidifying. Realization of storage is con=
nocted with dovolopment of approapriate control circuitry, including oxtornal storage
components. A block diagram of a control circuit for a matrix screon with extornal
storage is shown in a figure. Research in tho fiold of image converters is -boing .
carried out along the lines of improving the parameters of photoconducting powdered
materials in the visible and x-ray regions, theoretical and experimental determination
of the optimum operating conditions for converters of different design, design develop-
mont and improvement 0of the technology of image converters. A tablo gives a sories of
formulas that should be useful in designing new image converters. Mention is made of
work on development of tubes 2or converting ultrasonic images to visible images. J
Photographs reproduced ‘in the text show a converter image of a TV test pattern and
imagos of x-ray pictures of some vacuum tubes and electronic components displayed on a
200 cm® screen. Orig. art. has: 14 formulas and § figures.
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TITLE: Effect of infrared light on the photoluminescence of SiC-N
SOURCE: Optika i spektroskopiya, v. 21, no. 5, 1966, 568-591

TOPIC TAGS: silicon carbide, ir absorption, photoluminescence, luminescence spectrum,
impurity level, polaron

ABSTRACT: This is a continuation of earlier work (Opt. i spektr. v. 21, Lk9, 1966) -
where a band scheme was proposed to describe the photoluminescence of GiC crystals
doped with nitrogen. The authors state that if the scheme propoesed in the earlier
paper is valid, then when the sample is exposed to infrared, there should be observed,
during the afterglow time, a flash whose spectrum contains the two blue bands ob-
served in ordinary light. Experiments have indeed shown that the application of -
infrared light eliminates the structure in the spectrum of the blue band. To check
the extent to which the sensitivity of the investigated crystals to infrared extends
toward longer wavelengths, the authors measured the intensity of the flash as a’
function of the quantum energies of the infrared light incident on the same crystal
whose luminescence spectrum was investigated earlier. The results show that the
{-sensitivity to infrared hes & complicated structure, with a maximum in the vicinity

- 0T 0.3% ev. Curves corresponding to turning on the infrared light 7 and 30 seconds

535.37
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after the cessation of the excitation are practically parallel, but the 30-second
curve drops off more rapidly and has a smaller peak. Dips observed at O.34% and 0.28
ev correspbnd to acceptor levels due to boron and aluminum. This agrees with earlier
calculations of the depths of the impurity levels. Comparison with ZnS shows that
the polaron energy in SiC is much lower than ZnS. The authors thank Ye. Ye. Bukka
for help with the work. Orig. art. has: L figures.

SUB CODE: 20/  SUBM DATE: 16Jun65/  ORIG REF: 002

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6"



"APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86 00513R000413410011 6

E;WMR‘WJ*FF% W"?‘T'ﬁf?" b RrR et 2 T PR AT 3 A T —iﬁ’x&.}ﬂi’ﬁnw
0 g i S > o

v FOK, M. _

"Band gap and effective chargs of ions in the ZnS lattice.”

Feport submitted to the Symp. on “uminescence, Prague, Csech. 2L,~28 Sep 1962,
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. Mochasim of the -sensitited photochemical
exidetion of N. V, Fok, B. i, Berostavakal. A,
H. Natbandyan, awi V. Ya. Shtem, Debtady thad,
Nueh 8.5.5 K. oF, 400-801(1R).~ in equimal, mists, ¢
of Cslly + Oy, unider 30 tm,, ot roon teimp., the amt. of
perozikies hecomes cuust. alter ~ 30 se¢, and attahn
~~ 15 of the Cellgpasserd; ut 100°, the amt, o perovides,
coist. after ~ HEbsee., tem hes atont 44 0 nhichwles, -
aharnit @t uwn femp., altabit appov. LA The ratae
ie reversed at J0U°, with peruxides falling to L7487, , amd
the ami. of aldchydes attaining W The amts. of

xkles, plotted as & function of the temp. at a given |
nement (110 sec.), pass through a max. at about 10,
whereas the amt. of aldebydes incraises linearly with the
teinp.  Hvidently, the primary process is the furnuation
of !l".vluu. N. Thon
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"Photochemically Sensitized Oxidation of Propane Using Mercury."
Sub L Jan 52, Inst of Ciemleal Physics, Acad Sel USSR.

Dissertations presented for sclence and engineering degrees in
Moscow during 1951,

S0: Sum., No. 480, 9 May 55

C#A/J. QAEM:‘(&{ Se/
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"Investigation of the Composition of Peroxides Formed
ip the Oxidation of Propane at Room Temperature With
Photochemically Senaitized Mercury," N. V. Fok and

A. B. Nalbandyan
"DAN SSSR" Vol 85, No 5, pp 1093-1095

On the basis of chem and polarographic apalysis and
through the reaction of the peroxide with various
substances, it was established that the peroxide
formed during the oxidation of propane wvith photo-
chemically sensitized Hg at room temp is isopropyl
hydrogen peroxide. Submitted by Acad N. N. Semenov
23 May 52. : :
A a239r27

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6"



"APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86 00513R000413410011 6

RSP TSI AR TIRIRON ISR 50 R IRE ET R R

Eap- e iers W ﬂﬁ”&@%’.{@ m %

Ty He Ve

USSR /Chemistry - Fuels, Peroxides ~ 21 Sep 52

"The Mechanism of the Reaction of the Oxidation of
Propane With Fhotochemically Sensitized Mercury at
Room Temperature,” N. V. Fok and A. B. Nalbandyan

DAN SSSR, Vol 86, No 3, pp 589-592

Propane is oxidized at room temp with photochemi-
cally sensitized Hg to form prppyl hydrogen per-
oxide., The reaction proceeds with a preliminary
exitation of the propane mol. Presented by Acad.
N. N. Semenov 5 Jun 52 '
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V The photochemlal ox!dudon of ix gme &t bigh témpery ' .
. _ tares. yan. Doklady Akad. b1 ‘ :
PR ..Naxk S. , 120-7(1963) —-'I’he photochem, oxida- ;

C.HundOntnpressm’coIBOmm At 100° resent
o the reaction products. At 200°, along with isopropy! hy-
. droperoxide and ‘AfH, (omaldehyde is present in the veac-
. tien productsto’ to aldaitat the same extent as AcH. As the
L i temp, is fawttier Intresed, thie ratio of formaldeliyde to AcH
| “lncreases. Among the oxidation products at 300° are ace-
 toe and CO. The exptl, results indicate that the active
_*centersior the photochem. reaction ate the peroxide radicals | i
,.wﬁich petish ca the walls of the reaction vessel. o S - .
v . J. Rovtar Lexcl )
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SEURATOV, S.M.; VOYRVODSKIY, V. V., STREPIKHEYBY, A.A.; EANARSKAYA, Ye.H,
MUROMOVA, R.S5.; FOK, H. v

Einetics and thermal effect of the polymerization of enantholactam.
Dokl.AN SSSR 95 no.3:591-594 Mr 'S4, (MIRA 7:3)

9

1, Moskovskiy gosudarstvennyy univeraitst im. N.V.Lomonosova.
2. Institut khimicheskoy fiziki Akademii nauk SSSR, Predstavleno
akademikom V,N,Kondrat'yevyn,

(Polymors and polymerization) (Enantholactam)
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USSR/Kinetics - Combustion. Explosions. Topochemistry. Catalysis. B-9
Abs Jour : Referat Zhur - Khimiya, No 6, 1957, 18562
Author : _N.V, Fok, A.B, Nalbardyan.
Inst : Academy of Sciences of USSR.
Title : To Mecharism of Photochemical Oxidation of Hydrocarbons.
Orig Pub in the symposium Tsepnyye reaktsil okisleniya uglevodoro-

dov v gazovoy fatsii. M., AN SSSR, 1955, 118-139.

Abstract : Review of works published by the authors earlier

(Nalbandyan A.B., zh. fiz, khimii, 1948, 22, 1443; Dokl.
AN SSSR, 1949, 66, 473; Fok N.V., Bereslavskiy B.B., Nal-
bandyan A.B., Shtern V.¥a., Dokl. AN SSSR, 1949, 67, 499;
Fok N.V., Nalbandyan A.B., Dokl. AN SSSR, 1952; A=, 1093;
86, 589; RzhKhim, 1953, 2853).
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Ivanov, O. A., Fok, N. V., 20-118;-6-26 /43

Voyevodskiy, V. ¥

Reaction Between Methyl Radiocals Obtained According to the
Method of Polanydiyand Deuterium (Reaktsiya metil'nykh
radikalov, poluchennykh po metodu Polyani, s deyteriyem)

Doklady Akademii Nauk SSSR, 1958, Vol. 118, Nr 6,
pp. 1142-1145 (USSR)

First previous papers dealing with the same subject are

shortly referred to. The authors produced the methyl radicals
according to the method of Polanyi (Polyani) according to the
reaction CH3J + Na = CH3 + NaJ. The reaction passed in presence

of molecular deuterium which was used as carrier gas for sodium
vapors. The scheme of the experimental arrangement is
illustrated in a figure. The reaction container in which the
Jets of CHBJ combine with those of deuterium consisted of a
quartz cylinder with a nozzle. In one series of experiments

the inner surface of the reaction container was covered with
sodium which was applied in form of drops or as reflecting

CIA-RDP86-00513R000413410011-6"
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20-118-6-26/43
Reaction Between Methyl Radicals Obtained According to the Method
of Polyani and Deuterium

coating. The deuterium used for the experiments was produced
elestrolytically from D,0. The authors detected the composition

of the methanes obtaineg in a pure quartz container in the
temperature interval of from 20-480°C. Under these conditions
mainly CH4 and CH3D are obtained., The quantity of the semi-

deuterized methanes is small and reaches the value 18-20% only
in a small temperature interval near 200°C. The ratio CH3D/CH4

increases in the interval of from 20-100°C from 0,5 to 2, and
remains constant in the case of further temperature rise. The

deuterium content in the investigated methanes is considerably
changed in the case of a deposit of metallic sodiunr on the
surface of the container. Here the connection between the
portion of the different deuterized methanes and the temperature
depends on the kind of applying of sodium to the surface. In
coverming the container surface with a reflecting sodium the

percentage of to a great extent deuterized methanes (CD4, CDBH
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Reaction Between Methyl Radicals Obtained According to the o' hod
of Polyani and Deuterium '

and CDZHQ) is at room temperature by 5 to 8 times greater than
in a pure quartz container. In the case of a temperature rise
the percentage of the to a great extent deuterized methanes
decreases. In the case of sodium drops the surface reaction

is insignificant and its portion of the volume of the methane
produced amounts to totally only 1/5. Here the methanes
obtained from the radicals CH, contain much more deuterium
than in the case of a reflecting coating sodium. The maximum
of the deuterization at 70-80°C is striking. At higher

'"telperatures CH, and CH,D predominate again. In the case

of sodium drops the light methane is not exchanged with D, as
it is the case in the case of existence of a reflecting
coating. This exchange has to take place with participation
of the methyl radicals independently of the kind of mechanism

of the production of 032!)2, CHBD and CD4.
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Reaction Between Methyl Radicals Obtained According to the Method
of Po}yani and Deuterium

There are 3 figures and 8 references, 3 of which are Soviet.

ASSOCIATION: Kafedra khimicheskoy kinetiki Moskovskogo gosudarstvennogo
universiteta im. M. V. Lomonosova
(Chaiy of. Chemical Kinetick, Moscow State.University
imeni M. V. Lomonosov
Institut khimicheskoy fiziki Akademii nauk SSSR
(Institute of Chemical Physics,AS USSR)

PRESENTED: July 26, 1957, by N. K. Semenov, Member, Academy of Sciences
of USSR

SIBMITTED: July 19, 1957
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8/020/60/134 /001 /019 /021
LSO BO04 /B060

AUTHORS: —Shelimov, B. N., Bubnov, N. N., Fok, N. V.
Voyevodskiy, V. V., Corresponding Wember Aé USSR

TITLE: Deteotion of Hydrogen Atoms in the Phototransfer Reactions
of the Electron 2/

PERIODICAL: Doklady Akademii nauk SSSR, 1960, Vol. 134, No. 1,
Pp. 145 - 148

TEXT: The authors proceed from the_photochemical reaction in the aque-
ous medium: M + H,0 + hv —>u* + O™ + H (1), where M may be metal ions |

of variable valency, or anions., The formation of hydrogen atoms in this
reaction had been hitherto proved indirectly only. The authors wanted to
glve direot evidence of H-atoms by means of electric paramagnetic re-
sonance (epr). Because of the strong reactivity and mobility of the
H-atoms, investigations were conducted at 77°K in aqueous solutions of
H2804 oxr H3P04 (in concentrations between 40 and 96%), which contained

small quantities of FeSO4 or KI. The samples were irradiated for 1 hour

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6"



Detection of Hydrogen Atoms in the 8/029/60/134/001/019/021
Phototransfer Reactions of the Electron B004/B0O60

with the ultraviolet light of a TPK-7 (PRK-7) mercury vapor lamp. The
epr signals were recorded by means of a previously desoribed (Ref. 7)
epr spectrometer.,It was poseible to give evidence of the H-doublet. To
check the correctness of reaction (1) definitely, experiments were made
in golutions which contairied heavy water. As is shown by Fig. 1, the
D-triplet was observed besides the H-doublet. Further experiments were
conducted in the system C/H. - H,0 - H,80,. Here as well (Fig. 2) the

H-doublet occurred. The central part of this spectrum, the quadruplet
shown in Fig. 3, could not be explained yet, but it might be due to a
paramagnetic particle whose free valenoy is localized on the aromatic
ring. Weaker components were detected in the epr spectrum of the
H-atom (Fig. 4), which are ascribed to the spin reversal of protons
surrounding the H-atom, While the H-lines were strongly saturated in
the experiments with benzene, saturation did not take place in the

presence of P02

+ due to higher concentration of the paramagnetic ions
of a short relaxation time. The study of saturation and intensity

distribution between the main and secondary linea in the epr spectrum
of H' may serve to clarify specific features of its weak interaction

Card 2/3
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Detection of Hydrogen Atoms in the §/020/60/134,/001 /019/021
Phototransfer Reactions of the Electron B004/B060

with adjacent molecules, and also to establish the distance between
H'-atoms and primary particles releasing an electron under the action
of light. There are 4 figures and 12 references: 3 Soviet, 8 US, and
2 British.

ASSOCIATION: Moskovekiy gosudarstvennyy univergitet im. ¥.V. Lomonosov
(Moscow State University imeni M.V. Lomonosov). Institut
khimicheskoy kinetiki i1 goreniya Sibirskogo otdeleniya
Akademii nauk SSSR (Institute of Chemical Kinetics and
Combustion of the Siberian Branch of the Academy of
Soiencea, USSR)

SUBMITTED: April 27, 1960
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& BUBNOV, N.N.; VOYEVODSKIY, V.V.; FOK, N.V.; SHELIMOV, B.N.

Study of electron phototransfer reactions in the solid phase
by the electron paramagnetic resonance method. Opt.i spektr.
11 no,l:78-83 J1 61, (MIRA 14:10)
(Paramagnetic resonance and relaxation)
(Pnotomuclear reactions)
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§/020/61/140/004/011 /023
B106/B110
/4 15710
AUTHORS: Varbanskaya, R. A., Shelimov, B. N., and Fok, }. V.

TITLE: Reactions of "hot" methyl radicals in solid phase at low
temperatures

PERIODICAL: Akademiya nauk SSSR. Doklady, v. 140, no. 4, 1961, 818-821

TEXT: The authors studied the conditions of stabilization and the conver-
gions of methyl radicals obtained by photolysis of methyl iodide,
azomethane, acetone, and acetaldehyde at 77°K. The role of "hot" radicals,
i.e., methyl radicals with excess energy, in these processes was

clarified. The analysis of gaseous reaction products and data of electron
paramagnetic resonance (epr) spectra were uged for this study. Transparent
solid solutions of the tested compounds in methyl cyclohexane were
photolyzed in a quartz vessel cooled by liquid nitrogen. The concentra-
tion of solutions was 0.02-0.15 moles/liter, and a TIPK-7 (PRK-7) mercury
lamp was used as irradiation source. The epr spectra were recorded on an
IMR-2 (EPR-2) device (Ref. 9: A. G. Semenov, N. N. Bubnov, Pribory i
tekhn. eksperim. (Devices and technical experiments), No. 1, 92 (1959))'V”/

Card 1/4“),
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s/020/61/140/003/011 /023
Reactions of "hot" methyl ... B{06/é110 /

ABC-5 (BS-5) filter pervious to light of A > 3100 %, and a filter filled
with a mixture of 012 and Br2 and pervious to light of A{ 2900 A were used

in some of the experiments. In the photolysis of azomethane in solid
phase, one molecule of nitrogen and ethane each were formed per
decomposing molecule of azomethane, and, additionally, methane in a ratio
of CH4/02H6'VO.O4 independent of the intensity of light. Methane was the

only gaseous reaction product in the photolysis of methyl iodide,
Acetone was not decomposed under the conditions applied, acetaidehyde
slightly decomposed to about equal quantities of CO and CH4. The fact

that the ratio CH4/02H6 found for azomethane decomposition was

independent of the intensity of light indicates that ethane is formed by
recombination of methyl radicals in the interior of a "cell", and not by
recombination of free radicals. The formation of methane in the
photolysis of methyl iodide and azomethane at low experimental temperature
(77°k) suggests the formation of "hot" methyl radicals in the solid phase.
The stability of acetone to photolysis indicates the absence of "hot"
radicals. The reason is the large difference between the bond energies of

the C-C bond in acetone (77 kcal/mole) and of the C-I bond in methyl VH/
Card 2/4
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iodide {54 kcal/mole). The part:cipation of "het" methyl radicals in the
fermation reaction of methane was confirzed by photolysis of a"omethare in
light of different wavelengths. Increasing light srnergy (¢ 2800 Iy 4>k>ﬁ00®
causes the increass of the ratic CH4/03H6 (r »7). vhthyl rad‘ cals formed

in *the photolysis of aszomethane in so0lid phase werzs fournd tc be capable of

the following reastions; (1) recomtiration in the "cell" immediately after
fermaticn (formation of € oHg )i (2) substitution roactions with molecules
of *he scivent (forma%ion of CH4 and R, where R° denotes the radical of
ivent); (3) s%abilization with emergence from the "=z

the 30
ty the epr spechtrum of CH

211" (confirmed
3 ‘radicals). The ratlo of the ex*tent of these

three reactions deperds on the ersrgy <7 the absorted light. In

crease of
this energy results in an increased fcrmaticn »f methyl! radicals reacting
according %c (2) as compared with those reacting according %o {*), and in
an increase of methyl radicals reacting according =¢ (3 as compared wikh
those reacting according 7o (2). The formation of "hot" redicals in the
photolysis of CHB; and CH3120H5 inp solid phase has thus been clearly

grosegy The character of the reantion of these "hot" methy!
ar 4

radicals
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Reactions of "hot" methyl ... B10€/B110

with molecules of the medium (methyl cy-lohexane) depends on strus

bond energies of the molecules deconmposing with formation »f methy
radicals. and on the wavelength of the light used for decompeosiction. This
effect is obviously related to differences in *h= fype of excitation cof
"het" radicals which are formed in differsnt ways. Firnally. the authors
thank V., V. Vnoyevodskiy, Corresponding lMembher AS USSR, for assi
the evaluation of resul%s, and N. N. Bubnov for recording +i
The spectrum of the methyl cyclohexyl radi:al ovial :
1 Q

o
i)

ned by
frozen methyl cyclohexane (77°K) with fas® slecmrons was >
I. Chkheidze in the experimental rplans ~f %he Institut khim
Physiis AS USSR). Ther

* table, and *Q references.

important references *c English- .

. C. Sleppy, J. G. Calvert. J. Am,

0. Pritchard, N. R. Davidsorn, H.

W. Gordy, C. G. MeCormick. J. Am.

0 ey 0

3y ot Doty by

ASSOCTATION: Moskovskiy gosudarstvernyy uniuarsitet
(Moscow State University imery M. V. Lamcnosoav
SUBLITTED: March 24, 1961
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38129
e 5/020/62/144/003/026/030

— B124/B101
T4 500
AUTHORS: Shelimov, B. N., Fok, N. V.. and Voyevodskiy, V. V.,
Corresponding liember of the AS USSR

TITLE: The benzene-photogsensitized low-temperature decomposition
of hydrocarbons

PERIODICAL:  Akademiya nauk SSSR. Doklady, v. 144, no. 3, 1962, 596‘599_

PuYT: A4s has been shown earlier, the product from photochemical decompo-
sition of benzene (I), jrradiated by uliraviolet light at 77°% in trans-
parent organic glasses is a substituted hexatriene (II)

b H,C=CH-CH=CH-CH=CH-R (R being the hydrocarbon medium in which photolysis %
' 15 performed), and alkyl radicals are formed in addition. As the forma-
tion of alkyl radicals cannot be explained by the reactions hitherto
assumed, this and the formation of gaseous products was studied from the
epr specira. Solid-phase reactions of I in methyl cyclohexane (111) and

3zmethyl pentane (Iv) were studied with concentrations ranging from
1.8-10"2 to 2.1-107% mole/liter. The mercury vapor lamp TPY-7 (PRK-T)
was used as the radiation source. After irradiation, the solution was

Card 1/3

ST T S L R D e

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6"



"APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6

e I

$/020/62/144/003/026 /030
The benzene-photosensitized ... B124/3101

defrosted, then recooled to 77°%, the gas pressure measured and the gas
collected for mass~spectrometric analysis. The irradiated solution was
subsequently diluted with n-pentane (v) and the amount of II formed by
radiation was measured spectrophotometrically at 275 mp. The epr spectra
of the irradiated solutions of I in III were found to be identical to
that of the methyl cyclohexyl radical obtained by radiation of frozen (113,
with fast electrons. The spectrum of solutions of I in IV consists of
6 high-resolution, hyperfine structure components with a uniform pattern
splitting of about 24 ocerst which is probably due to the

CH3

tertiary C atom of IV. When I is irradiated in IV, H foras, in addition
to the R-substituted II, while C6D6 yields small amounts of HD in addition

|
CH3-CH2-C —_ CH2-CH3 radical formed by splitting off one H atom from the

to H, in the same hydrocarbon. The simultaneous formation of alkyl radi-
cels is obviously due to-the decomposition of the hydrocarbon photosen-
sitized by I. The most important feature of the reaction is that the
V] the 1light quantum absorbed by I (112 kcal/mole) is transferred,
s part, to the hydrocarbon molecple, which results in splitting

APPROVED FOR RELEASE: 08/23/2000 CIA-RDP86-00513R000413410011-6"
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The benzene-photosensitized ... B124/3101

ff one C-H bond, whilst the I molecule returns from its excited to the
original unexcited state. Neither C6H5';(06D5-) in the epr spectra nor

diphenyl in the reaction products could be detected. Thus, the reaction
due to ultraviolet radiation proceeds in two steps: (1) formation of
\ substituted II, and (2) the I-photosensitized decomposition of the
- hydrocarbon leading to the formation of hydrocarbon radicals and of Hj.
%he yields of II and radicals are maximum with I or C6D6 concentrations of ’/)//
i

1.6-107" ana 6.0:1072 moles/liter, respectively. The yield of II increases
4.2-fold, when the concentration of I is increased from 1.8-1077 to
1.6+10" moles/liter, while the increase of yield of radicals is only
1.2-fold; with 06D6’ the relative increase is 2.3 and 1.1 fold. There are

3 figures and 1 table.
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TITLE: Photosensitization decomposition of hydrocarbons at low
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ABSTRACT: Diluted solutions of benzene derivatives, such as toluene,
ethylbenzene, iso-propylbenzene, 0, m and p-xylene, diphenylmethane,
triphenylmethane, fluorobenzene, chlorobenzene and acetophenone in 3-
methyl pentane and deuterium-containing 3-methyl pentane were sub-
Jected to ultraviolet light at 77 C. Hydrogen was isolated and 3-
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methylpentyl radicals were formed in all cases except in CgHcF,
CH5Cl and CgHsCOCH solutions. The initial rate of H, evolution was
meaSured and rélated to the concentration of the tripget state of aro-
matic molecules. The data agrees with the assumption that molecules
of aromatic compounds in the triplet state participate in the photo- .
sensitization reactlion. The energy of the triplet levels of the aro-
matic compounds is not higher than 78-85 kcal/mole. The relationship
between the rate of the formation of hydrogen and alkyl radicals for
toluene and benzene solutions depending on light intensity 1s in-
vestigated and the data are tabulated. The longer 1ife of aromatic
molecules in the excited triplet state makes it possible to absorb

one more light quantum whlle passing to the higher triplet level, and
owing to the ener excess (as compared to the energy needed to rup-
ture the CH links) causes the photosensitization decomposition of the
solvent molecules: Orig. art: has: 1 table. .
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TITLE: Benzene and its derivatives in photosensitized hydrocarbon t_iggg_kpgal_ﬂﬂn/at
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Elementarnyye protsessy khimii vysokikh energly (Elementary procésses of the chemig~
try of high energies); trudy simpoziuma. Moscow, 1965, 249-253

ORG: none
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TOPIC TAGS: hydrogen, alkane, aromatic hydrocarben, UV irrad.iation, EPR

ABSTRACT: Initial rates of formation of hexatriene, alkyl radicalz and hydrogen were
studied at 77°K a function of CgHg and CgDg concentrations 3-methylpentane. The
dependence of ation rates of hexatriene and hydrogen upon temperature was studied
in various solvents using a 2¢10° 2 moles/l benzene concentration. All samples were
UV irradiated at 77°K. Free radicals were monitored by the EPR technique. The ob-
ject was to elucidate the mechanism of the simultaneous formation of alkyl radicals
and hydrogen during UV irradiation of benzene solutioms at 779K. The hexatriene -
formation and the photosensitization were not found to be interrelated. The UY {rra-
diation of CgHsCDy in 3-methylpentane &t 77°K results in formation of 94% H and 6%

g{
%,
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HD; hydmgen is the sole product when 0-D- and p-D-toluene in 3-methylpentane are

_subjected to UV irradiation; Hy, HD, and D; resulted fran UV irradiation of CgHgCiy -

in 3-methylpentzne. A photosensitized decomposition of hydrocarbons according to the

‘|, following scheme

.C.H.CH.:-{-RH . substituted hexatriene
 CHGH+ R R~ GO HRHDN
o H (D) + RHRD)—» Hy (HD, DY+ R; - *
© - HO) -+ GHCHe— H (D) + GHCH,.

occurs in the case of toluene. Results cbtained with
| "CHCDs+RH+4v,
system revealed that the rate of formation of CghsCHy radical is 10-12 times smaller

than the rate of formation of alkyl radicals. It wvas condluded that photosensitized
decomposition of hydrocarbons at 77°K alao occurs in ethylbenzene, cumene, 0=, M=,

and p-xylenes, diphenyl- and triphenylmethane and other compounds. Orig. art. has: .

1 formula.
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