X-RAY LUMINESCENCE PROPERTIES OF THIN ORGANIC FILMS
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The results of studies on the soft X-ray sensitivity of thin organic Lengmuir-Blodgett (LB) films are presented. A
linear behavior of the relationship between the integral luminescence (AA=380-400nm) and the dose rate of X-ray
irradiation in the range of 10°-10° A/kg at the energy of 5 keV has been established. It is shown that the specific X-ray
luminescence of the 0.5 pm LB film exceeds that one of the single-crystal CsJ(TI) scintillator of 1mm in thickness by
two orders of magnitude. It is supposed that these films can be used for measurement of the plasma temperature.
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1. INTRODUCTION

The registration and the dosimetry of soft X-ray
radiation (< 10keV) are problems of current interest in
laboratory plasma diagnostics, X-ray astronomy, biology
and medicine. With the advent of new luminescence
materials, the scintillation method of detecting soft X-rays
has obtained further development. Of special practical
interest are thin ([ILlpm) organic LB films [1]. Owing to
the compact packing up of luminescence molecule centers
in monolayers, to the varying value of the effective
atomic number Z.rin activating additions and to the small
thickness, LB films can appear more efficient in the
region of soft X-rays as compared to traditional three-
dimensional single-crystal scintillators.

The purpose of this work is producing LB films and
studying their luminescence properties under X-ray
irradiation.

2. EXPERIMENTAL PROCEDURE OF
PRODUCING LB FILMS AND STUDYING
THEIR PHOTOLUMINESCENCE PROPERTIES

LB films were manufactured by transfer onto the hard
substrate (onto the glass or directly onto the input window of
a photomultiplier) of 1000 polycomponent monolayers
being formed at the water subphase surface. Monolayers
were obtained from the solutions of styrene copolymer in
ethyl acetate with maleic anhydride (STM), the first
luminescence additive ( L-1 ) and the second one ( L-2 ).
The ratio of components in the solution is 50: 45 : 5 molar
percents, respectively.

During the ionizing irradiation with UV-rays (A=
300nm) there are arising the exited states of the STM and,
partially, L-1, owing to a series of radiation processes. Since
the quantity of L-1 molecules in the film is great, the
probability of their direct interaction with radiation is high.

Subsequently a nonradiative transfer of the excitation
energy from the matrix (STM) on L-1, and from L-1 on L-2
is observed. The luminophores were selected so that the
absorption spectrum of the acceptors L-2 was in the
maximum overlapping with the spectrum of L-1 donor
luminescence. The source of UV radiation was a Deuterium-
Xenon lamp. The luminescence spectrum measured with the
use of the spectrometer SDL-2 (LOMO RUSSIA ) is given
in Fig. 1. The figure shows that when the film is excited
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by the light with a wavelength of 300 nm, that
corresponds to the maximum of L-1 absorption spectra,
and by the light with A=350nm into the L-2 absorption
maximum, the luminescence of L-2molecules is observed.
It points on the effective excitation energy transfer from
L-1to L-2. During excitation into the matrix (STM)
A=250nm we have observed the same spectrum with a
maximum on 424um contoured by L-2.
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Fig.1 Luminescence spectra of LB films with additions of 2%
Cd’" and 1.5 % Pb**

Thus, in the films being investigated the effective
cascade energy transfer from the excited elementary
components of the copolymer (STM) to molecules of the
luminescent addition (L-1) and from them to the
secondary luminescent addition (L-2) with subsequent
emitting decontamination takes place.

3. X-RAY LUMINESCENCE OF LB FILMS

During X-ray excitation of LB films a similar scheme
of cascade transfer of excitation energy is quite probable.
The pilot experiments indicated that the intensity of X-ray
luminescence is near to the case of photoluminescence.
To increase the film sensitivity to X-rays we have
increased Z. of the film by blending heavy metals. In this
case the water subphase for forming the films represents a
water solution of salts CdCl,and PbCl,. Tons Cd** and
Pb*" make an addition reaction with copolimer molecules
which are distributed in the solution. The concentration of
these ions in monolayers was 2.0and 1.5 at. %,
respectively.

The X-ray apparatus with a tube having a copper
anticathode served as a source of X-rays. The anode

173



voltage was selected below the value of characteristic = compared the X-ray luminescence intensity of LB film
copper emanation. Thus, the samples were irradiated by  samples (0.5 pm) with that of the single crystal CsJ(TI)
the bremsstrahlung continuum with a critical value of (1mm) under X-ray irradiation at energy of 5 keV. The
8 keV and below. LB films were installed directly on the = measurements show that the specific radioluminescence
input multiplier window, which was placed in front of the  dL/dx [2] of the LB/film exceeds by two orders of
tube output window at the distance of 8mm. The peak  magnitude that of CsJ(TI), which we have took as a
spectral sensitivity of our multiplier was near to the standard. The cause of such a high specific luminescence
maximum photoluminescence. The multiplier was is probably conditioned with the LB film feature, i.e.
operating in the current regime. The signal from the anode  structure combination of high concentration of fluorescent
load (80k€2) was supplied to the oscillograph. centers and high degree of their ordering in monolayers.

In practice the most important characteristic of the  This makes it possible to reduce losses during excitation
scintillator is the fluorescence intensity. We have energy transfer between fluorescence centers.

investigated the relative luminescence intensities

depending on the X-irradiation dose and the effect of 4.CONCLUSION

activating additives on the anode current of the X-ray Thus, the experimental data obtained allow us to
tube. Its anode voltage was constant and equal to 5 keV.  conclude that LB films can be used in measuring the soft
The dose rate was measured by LiF dosimeter (DTG-4). X-ray radiation with the use of a scintillator. The specific

radioluminescence of LB films significantly exceeds that
of traditional single-crystal ones. The increase of the film
sensitivity with addition of a heavy metal activator is
especially promising.

The concentration optimization of this activators,
chemical composition and geometrical form of LB films will
be the subjects of our further investigations. But already now
it is possible to believe that the proposed films can be used as
500 A a detector of soft X-ray radiation in devices for heating and
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0

\ T \ The authors are grateful to Dr.S.A.Trubchaninov  for

2500 -

2000

1500

1000

Lyminescence intensity, a. u

0 4 g 12X10_6 productive discussion and to V.S.Maleyev for the technical
Dose rate, A'kg help.
Fig.2. Radioluminescence intensities as a function of REFERENCES

dose rate for LB films without additives ( 1 ) with a

content of 2% Cd (2 ) and 1.5 % Pb (3 ). Boundary I. N. L Voronkina, V. M. Zuber, N. A.Popova, A.

. V. Tolmachyov. Radiation—sencitive =~ Langmuir—
X- 5 keV
energy of X-rays is 5 ke Blodgett films of organic luminophors.
As is obvious from Fig.2 the luminescence intensity /|Funktsionalniye materialy. 1994, v.1, Ne2, p. 139 —
increases linearly with X-ray tube intensity increasing. 141(in Russian).

The luminescence of the film with 2 % is five times 2 ED Brooks. Development of organic scintillator.

higher and that of the film with 1.5 % Pb is ten times //NuclInstr.and Meth.1979,v.162, Nel-3, Part2, p.477.
higher in comparison with a clean film. We have

PEHTTEHOJIIOMIHECHEHTHI BJIACTUBOCTI TOHKHUX OPTAHIYHHUX IIJIIBOK
H.I1. Bopounkina, IO.I'. 3anecvkuit, A.M. JIveos, O.B. Mazinos, B.I. Ckubin, €E.I'. Tanep, O.B. Toamauwos, M.I'. Ilynika

B po0oTi HaBeneHi pe3ysibTaT eKCIePUMEHTAIbHUX JOCHIPKEHb PEHTI€HOMIOMIHECHEHIIIT TOHKUX OpraHiYHUX IUTIBOK,
oJiepkaHux 3 poromororo TexHiku Jlenrmiopa — bnomkerr (JIB). 3pasku JIb miiBok, mo ckiraganucs 3 1000 moHomapis
nonimepy, JoMiHecHeHTHUX nopatkiB Cd Ta Pb 3araibHO0 TOBHIMHOIO 0,5MKM OIpPOMIHIOBAJIMCh PEHII€HiBCHKUMHU
KBaHTaMH. J[>KepesioM BUIIPOMIHIOBaHHS Oylla peHTreHiBcbka TpyOka mpu Hampysi 2...8xkB 1 ctpymoBi 2...12mA. Tlpu
ONpPOMIHEHHI [ianasoH 3MiHM CTPyMy BimoBizaB iHTepBamy moTyxHOcTed 103 Bim 200° mo 10°A/kr (1- 44mPlc).
BcraHoBIICHO JiHIHHKE XapaKTep 3aJIe)KHOCTI IHTEHCHMBHOCTI JIFOMIHECIICHIIT BiJl MOTY)KHOCTI 103U. BBEIICHHS B CTPYKTYpY
wiiBku ioHiB Cd 1 Pb minBuiiye cBitioBuxig y 5 i 10 paziB BigHOCHO IuiiBKM 0e3 moxaatkiB. ITokazaHo, mo muroMa
moMiHecteHlis JIb ImiBok y JOCIiAXeHOMY 1HTepBali eHepriil peHTreHIBChKUX KBAHTIB NPUOIM3HO HA JIBA IOPSAAKU BUIIA B
MOPIBHSHHI 3 BIIOMHM MOHOKPUCTAIIYHIM CUUHTHILIATOpOM CsJ(T]), IpUIAHATAM HaMH 3a €TaJIOH.

PEHTTEHOJIIOMUHECIHEHTHBIE CBOMCTBA TOHKUX OPITAHUYECKHUX IIJIEHOK

H.U. Bopoukuna, FO.I'. 3aneckuit, A.H. /Ive06, A.B. Mazunos, B.U. Cxubun, E.I'. Tannep, A.B. Tonmaues, H.I'. ILlynuka

B paboTte mnpuBemeHBl pe3yNbTaThl JKCHEPHUMEHTAIBHBIX HCCIEIOBAaHMH  PEHTTCHONIOMUHECIECHIIMH  TOHKHX
OPraHUYEeCKHX IUICHOK, IOJYYeHHBIX C MOMOIIBI0 TeXHUKH JleHrmiopa- bionmxket (JIB). O6pasip! JIb mieHok, cocTosmue 13
1000 MOHOCIIOEB TMOJNIMMEpa, JIFOMHHECHEHTHBIX N00aBok W MoHOB Cd u Pb o6meil Tonuuaoit 0,5MkM 00Jydannch
PEHTI€HOBCKMMH KBaHTaMH. MCTOYHUKOM M3IydeHHs CIIyXWIa PEHIT€HOBCKas TpyOka, paboTaromasi pyu HalpsyKeHUU 2-
8kB u Toke 2-12mA. Tlpn o6IydeHnH IUana3oH H3MEHEHHs TOKA TPYOKHM COOTBETCTBOBAI MHTEPBAy MOIIHOCTEH 103 2[10°
...10°A/kr (1- 44mP/c). YcTaHOBIIEH JIMHEHHBIH XapakTep 3aBUCHMOCTH WHTEHCUBHOCTH JIFOMHMHECIEHIIMH OT MOIIHOCTH
Jo3bl. BBeneHue B cTpykTypy mieHkd uoHoB Cd u Pb nosblnaeT cBeToBbIX0J B 5 1 10 pa3 coorBercTBeHHO. ITokazaHo, uTo
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yaenbHas JroMuHecteHuus JIb mieHok B MCCie0BaHHOM JUANa3oHe 3HEprui PEeHTTeHOBCKUX KBaHTOB IPUMEPHO HA JBa
MOPSIZIKA BBILIE IO CPABHEHHUIO C U3BECTHHIM MOHOKPUCTAJUIMYECKUM cUUHTWISITOpoM CsJ(T]), NpUHATHIA HAMU 32 STAJIOH.



